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#toS»p>fc5B3t«i:, mk®frbteZ>pWMt*%t]? 

so 1 1 1 mmm*m& &mm-sstftm) j?bm& 

SftT^fi: i «: ir + 5 W** l KB*© I~ I I K 

[st#*3] »fk«j*»f>*5 P jgJi«)«±«fiias, is* 10 

^r£*ft»fct-5M#*l*fctt2K:ffi*©I I I Si 

[f*#94] iftW^/iSpfi^^ 4 0 0nm~6 

0 0 nmOiSftO^JtlcStL-C, 4 0 %JU±©jgig* £ 

*rr 5 r t *w&t -tznxm 1 ~ 3 ©raft** 1 jsksb 
toi 1 1 mmufa^w&itm*. 

Sr#^t-r5li*3l2~4(D{nrn^l3HCfEigCO I I I 20 
[M*if6] IMk*a»&ft5p^/I©£ik«f*§i: % #S 

ft-0*5 r t £#'$£1-5 IS** 1 ~ 6 ©fa 
ftri»l>SKlE«©l I I Kftfc^MMHBftX?. 

fo5rirSr#mt-r5if**7irlE«roi I I Kftfc* 30 

[fl*« 9] lfe{fc!fS»^e>*5 vWMV>mWK. 5nm~ 
5 0 0 nm-C'feSr i$r^®ir-r5!f*JS8^ffigt(0 I 

1 I ftfcffcfc^WWB***. 

[W*Jf 10] CuA 1 Oii ! , #gS*t'fe5; i: £ 
4#»£-f- 5W**8*fcli9lcia«0 I I iSiSffcW 

[Z y A 1 x G a v I nz N ( 0 < X S 1 , 0 ^ Y < 1 , X 
+ Y+Z = 1) T'StlE^ftS I I I Ktt{t:4biMltM# 40 
<lxk;ft,Tt>5^ ifc^mt-f 319**1 ~1 0»{5Jft 
1 «^Ett© I I I «nt{b«^fl^E5fc*'T-. 

[0 00 1] 

[«w©R-f5a«»»] i i i ^gfk^jgftwfl-© 

3tgfi€r{ix.fc I I I KSIk^^Wft^JtSl^tli-fS. 
[0 0 0 2] 

S»3t^*-K (LED) sfclMiu— K 50 
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(LD) 14, #*&*S!t##5St§J5!t* (MOCVD) j£ 
£±^77^7 (a -A 1 , 0.$&ft) S«±|C^fc° 

Mttf, Jpn. J. Appl. Phys. , Vo 
1. 34, Part 2, No. 10B (1995) , 
L 1 3 3 2~L 1 3 3 5l#i) „ f7/-f T(Cft# L- 
T/Kifcii* (S i C) fcJHSi: Ltz-mtJfV ■? A (G 
a N) ^^t^df->^yU#ffi^A^LD^P^i-?.«* 

( r^^gj , i68||7f (199 
9) . 7 9 7-8 0 0H#fiB) 0 tfc, SI (Si) ¥ 
*£6&i£t£i:U ^H^t^^->-t/u (MB E) fox- 
*lLfc«ft7^S = i'A (A IN) £^tf«S«i£ft: 
*»fe#feLED*«J^6Wt>fcie>*l-C^3 (E 1 e c 
tron. Lett., Vol. 33, No. 23 (1 
997) , 1 9 8 6-1 9 8 7 H#RB,) 0 5 I 

1 i £tt. (n) zvmm&ytmt 

L-T#tf, — IxS;A 1 x G a 1 I n z N (0 ^X^ 1 , 0 
^Y< 1, X + Y+Z=l) ^, A 1 x G a t I nz Nm> 
Mo (0SX<1, 0 ^ Y < 1 , X + Y + Z = 1 , 

Mitmmvxw-?>%ivm7cmxh*) , o^q<d t-sie 

£ft£I I I -V*fl:£-*iNIMfr-Cib5. 
[0 0 0 3] L EDi£^f4LD^<7) I I I M^itVv¥^ 
^JtSf^^^T, gfc#y <7A • ^Vv^A (Ga 
.In H N:0SXS1)I1, S&ft^mft^tt-f 5 

wicii-t-s^^a^'fr-ts^Sici-, I I Ifllttft** 

5-3 8 3 4f#I) . ^ft^WSbfc^©^ 

^loyy^TP (DH) »it75^*^^nT^-5© 
dS— «Wt?&5 (#'Rf4\ ±ta»Jpn. J. App 
l . Phys. , Vol. 34 (1995) #1$) 0 5 

ic, ^y-^^Aia^ (=i-x) £t@a-f 5H»©fB 

(phase) ^ b ft 5 (m u 1 t i — p'h a s 
e) fl|jt*»P)*SG ax I n,-x N (O^XS 1) 
*S^«fi)cLT, SW«©I I 1 ^Sitti^jif*^** 

S-5, 886, 367 %&W) . 
[0 0 0 4] tJ6*©p nS-g-SWDHfffjtllfeo-r, 
3tffi *BE«ri-5 p »«^tt n ^MtttV 14, ~^x(^ p 
^(4n)F?©g{t:T/U5 - ^ A • (A 1 x G a M 

N : O^XSl) «f©I I Ifl?»t«l^ft:A>P>WI^* 
ft S. G a N^WH:^*»4:**i-^AnL/it\ Bf 
IB, 7VK-7' (undope) tIfnIO{S^I 
■f (!|#MBg5 3- 2 0 8 8 2#&«^»IS# 
«.) . nfOAhCa,, NSaAM L^^©f4S»lT- 
fo5o pl»A]«Ga,., NflJtotf?), -v^ 

^->^A (Mg) JrpIWiiLtK-tVm? 
»*fco-0*H!$ft-0*4. L^L««t&, ^©^KB# 
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mtZtlZ «frf&2 8 7 2 0 9 6^$B#.BS) 0 Z<D 
as-grown ftMX°l$i&i&fii<D pfAhG 

(#pbs 6i- 7 6 7 i ^£®wmm»M) . 

[0 0 0 5] p n&<&mO)DHffimZffij&-tZ><DlZ&g 

a s - g r own^fijltcft 4 0 0°C£« 

5 40 7 9 1f#S?,) „ tVHt a s-growntl 10 
Wp^Mfe^gj^p^ixfcA lxGa,,v Nj&SSSrKS 

^mt^^^tmh^xy,^ (rtff 25003 

1 9 ##flB) . 

[0006] p ^ 1 1 i mit&^m&i&g: 

.Ga>.,As (0SXS1) IISfiW^^^^^-gRfC 
©»9i±i-r«fi)ci^oT^-5o Z\<Dtzib, &*§!<£>GaN 

aw tta3ttt©w»*» e> ii-ia* £ tit ^ 5 . mz. 

fi\ ptfPFMfe^JDLitGa NS#Iftl^Lt 1 
HWy^A-S (B&ffc: I TO) *»?>*5SW«ffi 
i:, ^WSf^^H±(-# (Au) k-ytrfr (Ni) © 

(SfcWB 2 6 6 1 0 0 9 ^-#Bg) „ AuiNi i <DfHiZ 
mt~v / T>\< (N i O) SrjfALfc«*^P>*5«ffif± 
a3ttt-e*5-fc!»*PfeixT^5 (WffSS 2 9 1 6 4 2 
4##Hg) o plGaNA>W53^n (c 30 

o n t a c t) JlSrtf-ffi^-tt-C T/W5-^A (A 1 ) 
^^P^nfc^ftffifp v (ZnO) Jf £AuHffi<0;fr-S 

!) ^-g-^S^rFUS 5, 8 8 9, 2 9 5 ##HS) o 
[0 0 0 7] 

[S6W##ftL.fc3 ir-r^ll®] ±f2<D$Q<, it^^r 
•>+^*SKJ:9*il*nt I I iMWIW 

fflStT-feSo ««tn;©pJBl I I SEttfb«f^«flE 

j>\ isow^tiL, i i i mmim^mftmntm 
*<D£m.%i&zm^<&TZ^z>-®kh!£'>x^z> a 

Z<DV£%&ffi^%:tf ; bfflM£M, Mx.i*. pB<V I I I 
Kttft*¥WtiWM t tt»J«\ «Hg*S#&«: tot 
?gjS-et 5(S«Si©ltW*»bjE7L (hole) [Mm* 

mffctz &mz <t 9 Kftftiia e>*ts t » t mm <* ns. 

[0 0 0 8] aWBft{k»A»e>*5SW«ffiSrp}K 
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(Ohmi c) SF*tt!6S5SJEL-C»5l*ii4v^«^ 
EDI-fcoT(4HI*l^]«JE (BfBl. Vf) , LDlCfco 

TttHffiSff (mm, vth) «:s»*wirft»-e#*v^ 
[0009] mwmmmzitmm t l e dwj$ji t 

#D <<( y~y<yi» ( (A 1 s G a i -X) v I m-i 

P: O^Xgl, 0<Y^1) LEDtcBB-tSttJfefiflf 

\z%xmriZ> 0 mz.[i®ffl¥-i 1-1722 obtest 
**us56W-cii, mttfwy^ (g a a s ) ^stfky^ 
fk^y>A (GaAsP) *-5y^aastt©rti 

±W3>^^ r-Ii<t LT#ALf:±T\ SHAftfe 
aSrfi^^-yrT^-So 4#BS¥l 1-40 2 

*H::£*£ft535W-C-tt, I TO^ZnOft^OgBi 
jk«jSfflT©p^{k^»¥«ftS±ffi^, SE# (Zn) 
KfclHiAu • Zn^KSr-||||cElli-**J«3i»?>« 
5AlGa In P ^ L E D^gH^^tlTV^. 
[0 0 10] L*»U jp«ft«^ttjtfe#«0»*«rtt 
tJ-fSA 1 Ga I n L E D £#;b5±fE<Dft*ftflf 
Sr. «t 9£&fi©W#Ufcl,>f*i&fe*jM0e© I I iMS-ik® 

ay^^H^tSffjxIl G a A s 
[ 0 0 1 1 ] G a x I n i-s N(O^X^l) h 

5, tttttfc©p#©«9»m-c, p n^§y--7 i Dg'g- 
mimftmi-timmxz 1 1 i8sa^*^« 

I 1 

HOI I iSHSftfft^iSftJSjt^Sra^i-iOf-JEK 
»SS^fj;So L^L^tJSio, atfti-^^T. CCD#ft 

K, ffi3SS©«3t*t>fcib-rw t&tabtlX^^&mffi 
itOGax I n i-x N (O^X^l) ^b^SlgJtglCO 
(^ffl^G B2316226 B#HB) . ^jtcOjg 
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[0012] *%wte. ±.m<Dm&&ffit>mz_z>&ffi± 
©wmfcfcj&Ru ss»£©i i i 

* : 5 L *llSfiltJi.o$3£UT«*-*-Swi:S:B«jt LT4 

5fc©T**>5 0 
[0013] 

Wh, *3BWli, [1] I»iLt, nf©I I IK 

a<b*^*fta»b*«»«Jii:, i i 

fcS{fctt*MMW» e> * 5 IS*® £ . 1Mb*** b45p» 
mtZ$&ZbZW\%b-tZ> I I I K^b«9*3>fls|63t 

[2] ^^w^wimzftm-tzmk 

ffi©i I Iisa^*^*^ (#««ii«3tJi) 

^nxv^srt^at-rs [i] icieftroi i i^a 
{b^Stta***. [3] ftfcfta>b&Sp$Jlo& 

Jk»*J:9*#v^ [1] *fctt [2] 

kb*© 1 1 1 tt&{bft¥w#3B%*?-. [4] mym 

A^45pW, 4 0 0 nm~6 0 0 nra©SI©I 
7t(C*tLT. 4 0%W±©&il4*£*1-5::i£ ! RM3t<!: 

1-3 [i] ~ [3] ©fam^ 1 isietett© i i istft 
[6] iMb**»e>«5 P »Jio*jt 

#Jf«^f§7tJi£«$1-5£#:ffl©S±ffi*IW 

±X'&zzkZ¥fmbi-z> [2] ~ [4] ©firn*»i* 
1 1 1 mmm¥-mwft%m*, [6] 1Mb* 

*«r#»i-f5 [5] K!5ift©I I I 8s2{b*9**#36 

tt*^ [7] itt^bi^pfi^, mz^tsmit 
m*bm&.£ft,x^z>^t*w&hirz> [1] ~ [6] 

©fitti** 1 gtCifSft© I I I K£{bi|fe¥&tt3B%*? , 
[8] siftW^iiSpil*, CuAiat-fcs: 
ir*#«t1-5 [7] lwffi*©i I I KSfbtt^fcfclS 
ft*^, [9] »{b»A»f>*5p?KJB«)JB<5^ x 5nm 
~5 0 0nmf&5rt^tt5 [8] {^fEgcCD I 
I I SSSfbl*^*****^ [10] CuAlO 40 

«t>\ £&£kftX-hi>ztzm®k-fZ> [8] 
[9] fete*© I I l tt8fcto*Mttt£%*?'. [l 
l] »k**»b45pJR*4:**JBfc©lllllc. Al,C 

avInzN (0<X^1, 0SY<1> X + Y + Z = 
1) T«^tl5 I I lfc£{b*5*N*ft»#ffi;ife;h.-C 
^5^tSr*Sf»t1-5 [1] ~ [1 0] (Dtthfr 1 que 

lEiiwi i i mmt®>*mfr%%m=h. [cm-rz. 

[0014] 
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s. mtwottnt Lni, w^ii, itfbfti (cu=o) 

Ji ? , ®Hb7>'*> • * hn>5^A • ^ (L a 3 -x SrxC 
uO, : X = 1 £fc(2 2) (Mat. Res. Soc. 
Symp. Proc. , Vol. 156 (1989) , 
1 8 3~1 8 8H#HB) ftifC^D^^-T hlSH/^ib 

A (La ,-x CajRhO.) , ®Hb7 V* V • * h D > 
f B'^A ( L a ,-x Sr,Rh0 3 ) 

• /<]} ■ a¥$A, (L a ,-x B ax RhO.) ^ 

©leiiws ( rwmwmm n.%&m&8tit 
m (atris) j ( (**) J6*5§» 1997^8^100 

[0 0 15] nM^lipi©Gai In,-> N (0^X 

^ 1) 4ifA»e>45*3tJiA»e>a<**ix's*afco«*i- 

i/\ EP*>> #3§Wlcftftli\ p^RSI^l I iUgSEfb 

i-5«*a*©«*6$*siHii8-e#, m (c i a 

d) «WI«r3KEffl+«aWfl®i*r*fllLfcpn«#^ 

tt, n ^ L < (4 p JK0>m-O«3tJB £ P ISO' n JKS 
*©Baw L "C * 5 ^ o «5t t? *> 9 , ft ^ tt 

¥-£v>tt#fi*^#F«i£&tt8Pl,Tfc5 p n»^M 
^xnlgftSlST'&S,, fi»Jx.ii, niG a NftigJI/n^ 
G a x I n ,-x N (O^Xgl) #FS • nlAl.Ga 
,-x N (OgX^l) ItMA^JfeSi^FflHtSyfe 

t*feotfcil©i«Ili:-tiii^ 

[0 0 16] *«W©JB 2 I§*S^W 
v^*A»*«rffi»+5#ffi«3S©I I I«Sfb»^* 
4r*SS«©«*!i J 'bfce)**i, #(3 111 
UsSMfclfe^aMfrarG ax I n,-x N (OSXSl) fti 
k£<9 »a*5S3t«Sr«fifc-Ct So 

[0 0 17] *tt«J6i:l4*#«UCtt. ^«Wie||*S 

©^gR^^iFW-TSi^tS (m a t r i x - p h a s 

e) t, ±#tiJ; 0 tSWI-Sftatt/hirl-St©©, -f 
vs^^^ia* Sr±<*ffi«tt)^:t1-5^JiSffi (s 

ub-phase) t^e>1??^^tL5rt^ B B B ffi^«ig 

x-fos (^n¥ 10-56202 ^Amwmw&m) . 

&1-5o ^MX'K-o^(Om.m^-t 
1-5ICI4, Gax I n,-x N (OgXgl) ^7t«©J5)cfli 
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f£t*# 5 (±iE<D£H4#t ! rG B2316226B# 

&m&c>mit®!$ ^fi^-a-^-arfc*^ t -r , nag 

©38ft£kfto-f p n«^iy--7 i n«^<73^^*|SdS^{I 

[0018] &mw<D%i3<Dmffiftmx^ ijtiort 

y K£) Jf) fci*toSp#»MM^«fifc-e#»TfiJ 10 

df-fy/ (band-gap) i^O. 1-^0.3 
il/^ hoy*>h (WE : e V) it<-r-5i. 38ft £ 

SCLT4 0 0 nm~6 0 0 n mCO®ffl(Cfe 538ftC:o 

US© L EDSr#5©JcWC[aHiK«ffl-e* 6o iSii* 
iiffiimiiitj^S, it&*¥S©LED£#5t;:&$|5-g-t$> 20 
5o iSii*^4 0%*y»T-fcSi:«^ic^g|5^%*ro 

[0019] Gas In is N (O^Xgl) tfcoT, 

£B©!|#£Bg5 5-3 8 3 4##HS) „ Sot, flSJftfi, 
#ffiiS©Ga« In H N (O^XSl) 7^o&538ft 
ICfcot, $Jlf§£flffiSc-f 5G as. I n,-s, N ( 0 < 
X 1 g 1 ) CD«itffi*S(±, ±fttB£ft-rG as* I n i- si 
N (O02<X1<1) (DZtlZ. t&Rffl 

t@«ifi38ft« t p rnmmm t nm^^mx-Bm^^" 

Jt>, *+!)7 (fiflc) KmZ-fV7V=fjy7~ (c 1 a 
d d i n g) ftMBi^lSttflSU 38ftS-^CD F^t^T© 
PHtiitoj *4. Sot, SM©38ft 

[0020] l*»u ^m\mmt^.%mt<OTfsT> 
^^■fs. Sot, m6onw^T'(4, pmmtmm 

1. 0 e V^tiTir-tSTO^offifiic-rStWt-rSo 50 
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[0 0 2 1 ] |?7 <DH»l2<fiKi2-f*0< , i (Cu) t 

MgftfcJttH-ft-tf, te^ (/hSi*) &*affi£^x.5&£ 
{b*j##e>ft5. ftot, *Sr*«5c»4:-f*p»»{l: 

i-^coicJ: •jfB£-&<fiJfflt't5„ ftSrflfJ&ftilii-rS 
IMk»IS*nt4±E©c u : o^SMtr/u? = t> a • ft 

(C u A i Oi) . mtx h n yf>7A-i (C u S r 
O;.) , Igffctf!) • ft (C uG a 0.) 4i;©T7 7 
h(delafossite) ^JIS! (C uMO 

[0 0 2 2] C u A l O: li, -flSnftft*^** 

yy^' (sputtering) ffigc^fi U— !f*-T 7" 
U— -> a y (laser ablation) ffillj; 
9, WatlQ • c mWffiiSn P Jg&AStfffils! 
[CJ5g^T-# 5 ("Nature", Vol. 389, N 

0. 6654 (1997), 9 3 9 ~ 9 4 2 H#fiS) . 
'(Sot, CuAlC^btt, J$KftC:JM&, (SffitrMfc 

5»ca5p^{k^/JS#bti5^J,*(7!l5*)5c £ft^ C 
uAl0 2 (i, ^iaT*S±«itsSr^3. 5eVk-f&M 
W**tt»ft-C*)5 (±B© "Nature", Vo 

1. 3 8 9#i) „ Sot, CuAlOiHli, Gai 
I n i-x N (O^X^l) 38ft»A»e>&W£;h,5ifi#* 

3. 4 e v t-r^GaNt<Dm±^m<ommt^so. 1 

eVi45„ Sot, CuAIOjWII, mx.lt, G 
aN^ifftttS^iilOGai 1 n,- s N (0^X 
SI) 38ft«ic*tLT, il*OlWt©i«'*Sr1,or»^ 

$H5o rft$trfg8©3l^<itf4, pftm{k®J§& 

cu a i o^^tsjsic-rsw^^ifit-rSo 

[0 0 2 3] ^9 roHJg^T'fl, CuA 1 O; Off 
Sr, 0* L< (4 5 nm»±(Ci§:5t-f 5„ 5nm*lf 

frhX'hZ>„ plOCuA 1 OaSrp ^PfUJl t 

LT, SfcE?Ltt^«i LtfiJffl-r5*38?^«cfeoT, 

— ^, 50 0nmJ:Sx.5f$it5i:plCuAlO 

Ofc»38ft»^lfl5^<Ol& 9 ttS L JAV^miF IdfiTi- 5 . 
tot, plCu A 1 CfCff aSAt't 5 0 0 n 
m\zUWcfZ>o V y^m^Ht^—f-7yu 

--/aymzmy picuA i o,m*f$.mi-z>m& 
t-#5„ 

[0024] CuA10= SrfltaR-f 5 C u li^teatt© 

ftfi, GaNfCl I 
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I *5ttft****-C383tt>'C.» (color c e n t e 
r) £ &5 (J. Appl. Phys. , Vol. 4 
7, No. 12 (1976), 5387~5390 H# 

fiR) o lot, iMALfci i I &Ste#MN*fMSft 

m »9oja»*cBt*D<, picuAiOig 

,U=fy (Ar) *'<y ]) V^SClJ; 9 p JKC u 

A 1 0 : |g B B B S^ffM-t6lCI4, -«fcf4, fiJcigSS^ 
a»*»&tt5 0 0t©ttllfc+5©]&*Xf*£;(l3. JFM 
L/:p«CuA 1 O a ifeSajJS#igST&5*^*»f4, 
X»0«f»*rJfe J Wt ; f-lllHl*fjfe*KJ:9*B"C#5. 
[0 0 2 5] p»ttfcftJla>fllj£7C*, m^ttttTM 

<t 9a*wtc*u±-r5icii, hi o (Dmmmm^-ria 
i i i&s{fcft#*#s&eiii-s©;&^»fc*5. A 20 

1 Sr^W-fS I I I «Sft#3W*«(i, A 1 asgfltfc 

tern, mALxm&mmzmmL, mytm&mitzixz 

(o&ttiWI-ZVHzty fifth tub. a i ^iiSSi 

I I «i[fl3**3MW83tJi«:«jai-*-5±fl:tt i 9 <>*± 
ff«a*-«tt{c*-C*> D . tot, *#Jf 

[0026] ^7tii±[cssit 5 a i i i i m^itm 

WiSE* (O) ©»££r[g*U B.o|g3tJi©»«^ttl 

*wa©fc#a»i:*6A l-^ri 1 1 ifitt^^M 
fc^o 1 1 lmmm^mfcrnft^izhix. Ait 

Kft*Ji*»6«l&**v5iE7L (hole) h 
V%)V (tunne 1) 0 3gftiI^£AT't 5 

1*^2 nmy,±T'5 0 n m £TF i: 1" S [£ * + y 40 

r fefem x-h 5 <DfiW$. l \>\ 
[0027] Aitti i i «52{fc4biNU*JB© 

inz&iSk&Gtz,, man. mkT/i>^-vj*' n 

!)^ (Al.Ga,-, N: 01X11) ri» fa JI 

*±B©»«Ji*^tt*t«Ki±Jii LfciJ^, |S]-©ft 
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(54) HI NITRIDE SEMICONDUCTOR LIGHT-EMITTING DEVICE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To constitute a light-emitting section 
having P~N junction type heterojunction structure without 
requiring a complicated process by containing a barrier layer 
composed of an N-type group III nitride semiconductor, a light- 
emitting layer comprising an indium-containing III nitride 
semiconductor and a P-type layer consisting of an oxide as the 
light-emitting section. 

SOLUTION: A blue LED 10 is constituted of a laminated structure 
20, having a transparent P-type conductive oxide layer functioning 
as a P-type barrier layer, a P-type window layer and a P-type 
electrode layer in combination. The laminated structure 20 is 
composed of an Sb-doped N-type Si single-crystal substrate 101 
and an N-type buffer layer 103 comprising a polycrystalline N- 
type first buffer layer 102a, using zinc blende type cubic boron 
phosphide (BP) as the main body and an N-type second buffer 
layer 102b, using cubic BP as the main body. The light-emitting 
device is configured of an N-type light-emitting layer 104, having 
polyphase structure using a gallium-indium mixed crystal, in which 
main body phase S is formed of N-type GaN and an indium 

composition ratio is set to 0.1, as slave phase T, an undoped N-type protective layer 105 and a 
transparent P-type conductive layer 106 composed of CuAI02. 
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CLAIMS 



[Claim(s)] 

[Claim 1]A group III nitride semiconductor light emitting element comprising: 

A barrier layer which consists of a group III nitride semiconductor of n form as a light-emitting part. 
A luminous layer which consists of an indium content group III nitride semiconductor. 
A p type layer which consists of oxides. 

[Claim 2]The group III nitride semiconductor light emitting element according to claim 1, wherein a 
luminous layer comprises a group III nitride semiconductor (multilayer-structure luminous layer) of two or 
more phases which are different in indium concentration. 

[Claim 3]The group III nitride semiconductor light emitting element according to claim 1 or 2, wherein a 
band gap of a p type layer which consists of oxides is larger than a band gap corresponding to a luminous 
wavelength emitted from a luminous layer. 

[Claim 4] A group III nitride semiconductor light emitting element given in any 1 paragraph of claims 1-3, 
wherein a p type layer which consists of oxides has the transmissivity of not less than 40% to 
luminescence with a wavelength of 400 nm - 600 nm. 

[Claim 5]A group III nitride semiconductor light emitting element given in any 1 paragraph of claims 2-4, 
wherein a band gap of a p type layer which consists of oxides is more than a band gap of a matrix phase 
which constitutes a multilayer-structure luminous layer. 

[Claim 6]The group III nitride semiconductor light emitting element according to claim 5, wherein a 
difference between a band gap of a p type layer which consists of oxides, and a band gap of a matrix 
phase which constitutes a multilayer-structure luminous layer is 1 .0 eV or less. 

[Claim 7] A group III nitride semiconductor light emitting element given in any 1 paragraph of claims 1-6, 
wherein a p type layer which consists of oxides comprises an oxide containing copper. 
[Claim 8]The group III nitride semiconductor light emitting element according to claim 7, wherein a p type 
layer which consists of oxides is CuAI0 2 . 

[Claim 9]The group III nitride semiconductor light emitting element according to claim 8, wherein thickness 
of a p type layer which consists of oxides is 5 nm - 500 nm. 

[Claim 10]The group III nitride semiconductor light emitting element according to claim 8 or 9, wherein 
CuAI0 2 is the polycrystalline substance. 

[Claim 1 1]Between a p type layer and a luminous layer which consist of oxides, A group III nitride 
semiconductor light emitting element given in any 1 paragraph of claims 1-10, wherein it has a group III 
nitride semiconductor layer written by aluminum y Ga Y In 7 N (0< X<=1, 0<=Y<1, X+Y+Z=1). 
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DETAILED DESCRIPTION _ 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention]It is related with the group III nitride semiconductor light emitting element provided 
with the light-emitting part of the pn junction type hetero structure which comprises p form conduction 
layers other than a group III nitride semiconductor. 
[0002] 

[Description of the Prior Art]The light emitting diode (LED) or laser diode (LD) which presents 
luminescence of the conventional blue belt or a green belt, The laminated structure body provided with the 
III group nitride semiconductor crystal layer which grew epitaxially on the sapphire (alpha-aluminum 2 0 3 

single crystal) board by the organic metal pyrolysis vapor-phase-epitaxy (MOCVD) method is chiefly 
constituted as a parent (for example). Refer to Jpn.J.Appl.Phys., Vol.34, Part2, No.10B (1995), L1332 - L 
1335 pages. Sapphire is substituted and there is also conventional technology which constitutes LD from a 
gallium nitride (GaN) system epitaxial structure which used silicon carbide (SiC) as the substrate (refer to 
"applied physics ", volume [ 68th ] No. 7 (1999), 797 - 800 pages), a silicon (Si) single crystal is used as a 
substrate, and the example which constitutes blue LED from a laminated structure body containing the 
alumimium nitride (AIN) which formed membranes by the molecular beam epitaxial (MBE) method is also 
known (Electron.Lett., Vol.33, and No.23 (1997).) Refer to 1986-1987 pages. . With the group III nitride 
semiconductor as used in the field of here, nitrogen (N) is included as a V fellows composing element. 
General formula aluminum x Ga Y In z N (0<=X<=1, 0<=Y<1, X+Y+Z=1), He is a group III— V semiconducter 

written by aluminum x Ga Y In z N 1 _ Q M Q (0<=X<1, 0<=Y<1, X+Y+Z=1, and the sign M are the Vth group element 

other than nitrogen, and are 0<=Q<1). 

[0003]In group III nitride semiconductor light emitting elements, such as LED or LD, gallium nitride indium 
(Ga x In 1 _ x N:0<=X<=1), Although it has a band gap suitable for emitting short wavelength visible light 

therefore, it is utilized as a luminous layer of a group III nitride semiconductor light emitting element (refer 
to JP,55-3834,B). The light-emitting part of these light emitting devices is the purpose of gaining the short 
wavelength visible light of high intensity, and it is common to comprise a pn junction type double hetero 
(DH) structure (for example, above-mentioned Jpn.J.Appl.Phys. and Vol.34 (1995) reference). A luminous 
layer is constituted from Ga x In 1 _ x N (0<=X<=1) which consists of polyphase (multi-phase) structure which 

consists of two or more phases (phase) which are different in indium composition (=1-X) t The art of 
obtaining a high-intensity group III nitride semiconductor light emitting element is also indicated (refer to 
American patent US-No. 5,886,367). 

[0004]Being in conventional pn junction type DH structure, generally p form or n form barrier layer which 
pinches a luminous layer comprises group III nitride semiconductors, such as p form or gallium aluminum 
nitride (aluminum x Ga 1 _ x N:0<=X<=1) of n form. In order that GaN system material may present conduction 

of n form in the state of what is called undoped (undope) that does not add an impurity intentionally (refer 
to JP,53-20882,A specification), it is the common knowledge which the aluminurr^Ga^N layer of n form 

tends to form. On the other hand, the aluminum x Ga 1 _ x N layer of p form is chiefly formed with a means to 

dope magnesium (Mg) as p type impurities. However, Mg is electrically inactivated by the hydrogen which 
invades in a growth phase at the time of the membrane formation (refer to the patent No. 2872096 
gazette). For this reason, it is also publicly known not to be obtained by stabilizing the p form 
aluminum x Ga 1 _ x N layer of low resistance in the state of as-grown (refer to JP, 61 -7671, A specification). 



[0005]In order to obtain the p form aluminum x Ga 1 _ x N layer of the low resistance needed for constituting 

pn junction type DH structure, in the former. A means to heat-treat 400 ** at the above temperature 
after membrane formation is adopted to the as-grown growth phase by which the p type impurities which 
once formed membranes were doped (refer to patent No. 2540791). Or a means to irradiate with an 
electron beam under vacuum environment for the aluminum x Ga 1 _ x N growth phase by which the p type 

impurities of an as-grown state were added, and to activate p type impurities electrically is taken (refer to 
patent No. 2500319). 

[0006]In the former, the composition which takes out luminescence from the surface side of a p form III 
fellows compound semiconductor growth phase outside is large number of people. That is, for example, it 
has been arranged in the upper part of a luminous layer, it has composition which takes out luminescence 
from the p form dumjnum^Ga^As (0<=X<=1) barrier layer side outside. For this reason, if it is in GaN 

system LED of a conventional type, in order that the electrode provided above a top barrier layer may 
raise the extraction efficiency of luminescence to the exterior, it mainly comprises material of 
transparence or translucency. For example, the composition which provides the electrode which consists 
of layered structure of gold (Au) and nickel (nickel) on the transparent electrode which consists of indium 
oxide and tin (abbreviation: ITO), and its transparent electrode is indicated via the GaN system 
semiconductor layer which added p type impurities (refer to patent No. 2661009). It is known that the 
electrode which consists of composition which inserted nickel oxide (NiO) between Au and nickel is 
translucency (refer to patent No. 2916424). The contact (contact) layer which consists of p form GaN is 
made to intervene, and the art which arranges the zinc oxide (ZnO) layer by which aluminum (aluminum) 
was added as an ohmic contact layer of an Au electrode is indicated (refer to American patent US No. 
5,889,295). 
[0007] 

[Problem(s) to be Solved by the Invention]Like the above, a means to constitute a pn junction type light- 
emitting part using the group III nitride semiconductor growth phase formed by the epitaxial grown method 
is complicated. Requiring the special processing for activating p type impurities electrically after the 
epitaxial growth for obtaining p form group III nitride semiconductor layer of low resistance especially is 
also increase of the complicated nature of a process, and a cause to which the productive efficiency of a 
group III nitride semiconductor light emitting element is reduced remarkably. The problem in this 
conventional technology is thought out with that by which solution is achieved by a means to, constitute 
an electron hole (hole) feed layer from material of the low resistance different from the III group nitride 
semiconductor crystal layer of p form which can have and form a simple means for example. 
[0008]In the conventional composition which provides directly the transparent electrode which consists of 
transparent oxides on the group III nitride semiconductor layer by which p type impurities were doped, 
there is inconvenience by which good ohmic (Ohmic) contact nature is not revealed by being stabilized by 
the transparent oxide material and the group III nitride semiconductor layer which constitute an electrode. 
This originates also in the difference in the band gap of the III group nitride semiconductor crystal layer 
and transparent oxide electrode which constitute a light emitting device having become large extremely. 
For this reason, if it is in LED and is in forward voltage (what is called Vf) and LD, the problem that 
threshold voltage (what is called Vth) cannot be reduced effectively is produced. 

[0009]The example of the measure which improves the ohmic contact nature of a transparent conductive 
oxide layer and an LED composition layer, It can grasp to the conventional technology about aluminium 
phosphide gallium indium (aluminum x Ga 1 x ) (yln^y P:0<=X<=1, 0< Y<=1) LED. For example, after inserting 

gallium arsenide (GaAs), **-ized gallium phosphide (GaAsP), etc. as a contact layer which expects 
improvement in ohmic contact nature, the transparent oxide layer is made to stratify in the invention 
indicated to JP,1 1 -1 7220.A. In the invention indicated to JP,1 1-4020A AIGalnP system LED which 
consists of composition which arranges uniformly a zinc (Zn) film or an Au-Zn alloy film all over p form 
compound semiconductor layers directly under a transparent oxide layer, such as ITO and ZnO, is 
indicated. 

[0010] However, if the above-mentioned conventional technology concerning AIGalnP system LED which 
emits luminescence of a red lamp color or a yellow zone is simply diverted more to the blue of short 
wavelength, or the group HI nitride semiconductor light emitting element of a green zone, the 
inconvenience to which the transmission efficiency of luminescence to the exterior is reduced will be 
produced. In the above-mentioned metal membrane, still more, a contact layer is constituted, for example, 
also by GaAs, since it is small compared with the band gap to which a band gap ****s in blue glow or 



green light, luminescence will be absorbed. Namely, a means to arrange a metal membrane in order to 
make good ohmic contact nature with a transparent oxide layer, A conventional means to arrange the 
electrode formation (contact) layer which consists of a semiconductor material made smaller than the 
band gap converted from the wavelength of luminescence which should be penetrated cannot fully be 
applied to a high-intensity group III nitride semiconductor light emitting element. 

[001 1]Sufficient performance to penetrate luminescence of the short wavelength emitted from a Ga x In 1 _ 

X N (0<=X<=1) luminous layer is had and combined, and, in the case of group III nitride semiconductor 

material, it is a different transparent material of p form of low resistance, If the light-emitting part of pn 
junction type heterojunction structure is constituted, a high-intensity group III nitride semiconductor light 
emitting element can be provided. If it is the material which manifests itself good ohmic contact nature 
with the group III nitride semiconductor composition layer which constitutes a group III nitride 
semiconductor light emitting element, it will become still more convenient gaining a high-intensity group III 
nitride semiconductor light emitting element. The composition in which such a demand is satisfied has not 
come [ however, ] to be indicated in the actual condition. Especially about the luminous layer which 
consists of Ga x In 1-x N (0<=X<=1) of polyphase structure by which bringing about luminescence of high 

intensity is known, (Refer to British patent GB2316226B), The requirements for revealing the transparent 
conductive material of p form which is excellent in the permeability of luminescence, and the good ohmic 
contact characteristic are strange. 

[0012]this invention having conquered the technical problem which the above-mentioned conventional 
technology holds, having been made for the purpose of being stabilized and providing a high-intensity 
group III nitride semiconductor light emitting element simple, and, Since the light-emitting part of a pn 
junction type hetero structure is especially constituted using the conduction layer of p form which can be 
formed easily, indispensable requirements are shown on the basis of the band gap of a luminous layer. 
[0013] 

[Means for Solving the Problem]An artificer reached this invention, as a result of carrying out efforts 
examination wholeheartedly that the above-mentioned technical problem should be solved. Namely, a 
barrier layer which this invention becomes from a group III nitride semiconductor of n form as [1] light- 
emitting part, A group III nitride semiconductor light emitting element containing a luminous layer which 
consists of an indium content group III nitride semiconductor, and a p type layer which consists of oxides, 
[2] A group III nitride semiconductor light emitting element given in [1], wherein a luminous layer comprises 
a group III nitride semiconductor (multilayer-structure luminous layer) of two or more phases which are 
different in indium concentration, [3] [1], wherein a band gap of a p type layer which consists of oxides is 
larger than a band gap corresponding to a luminous wavelength emitted from a luminous layer, or a group 
III nitride semiconductor light emitting element given in [2], [4] A p type layer which consists of oxides 
receives luminescence with a wavelength of 400 nm - 600 nm, A group III nitride semiconductor light 
emitting element given in any 1 paragraph of [1] - [3] having the transmissivity of not less than 40%, [5] A 
band gap of a p type layer which consists of a group HI nitride semiconductor light emitting element given 
in any 1 paragraph of - [4] and [2] [6] oxide, wherein a band gap of a p type layer which consists of oxides 
is more than a band gap of a matrix phase which constitutes a multilayer-structure luminous layer, A 
group III nitride semiconductor light emitting element given in [5], wherein a difference with a band gap of a 
matrix phase which constitutes a multilayer-structure luminous layer is 1.0 eV or less, [7] A group III 
nitride semiconductor light emitting element given in any 1 paragraph of [1] - [6], wherein a p type layer 
which consists of oxides comprises an oxide containing copper, [8] A group III nitride semiconductor light 
emitting element given in [7], wherein a p type layer which consists of oxides is CuAI0 2 , [9] A group III 

nitride semiconductor light emitting element given in [8], wherein thickness of a p type layer which 
consists of oxides is 5 nm - 500 nm, [10] CuAI0 2 between a p type layer and a luminous layer which are 

set to [8] being the polycrystalline substance or [9] from a group III nitride semiconductor light emitting 
element of a statement, and [1 1] oxides, It is related with any 1 paragraph of [1] - [10], wherein it has a 
group III nitride semiconductor layer written by aluminum x Ga y In z N (0< X<=1, 0<=Y<1, X+Y+Z=1), without a 

group III nitride semiconductor light emitting element of a statement. 
[0014] 

[Embodiment of the Invention]The feature in a 1st embodiment of this invention is not from p form group 
III nitride semiconductor material about the p type layer which constitutes the light-emitting part of pn 
junction type heterojunction structure, and there is in constituting from an oxide material which presents 



the conductivity of p form, as an oxide material — copper oxide (Cu 2 0), and lanthanum trioxide strontium 

and copper (La 2 _ x Sr x Cu0 4 :X=1 or 2) (Mat.Res.Soc.Symp.Proc. and Vol.156 (1989).) It can constitute from 

perovskite crystals, such as refer to the 183-188 page. Lanthanum trioxide calcium rhodium (La^ 

x Ca x Rh0 3 ), Superconductivity oxide materials ("physical-properties science selected-books .), such as 

lanthanum trioxide strontium rhodium (La t _ x Sr x Rh0 3 ) and lanthanum trioxide barium rhodium (La^_ 

x Ba x Rh0 3 ) It can constitute also from an electroconductive oxide (revised edition)" (Shokabo Publishing 

Co., Ltd., August 10, 1997 issue, the 6th edition of revision), and refer to the 29 page. 

[0015]The band gap corresponding to the wavelength of luminescence emitted from the luminous layer 

which consists of an n form or Ga x In 1 _ x N (0<=X<=1) of p form is exceeded, And the transparence p type 

electrode layer which makes the barrier layer of p form serve a double purpose can be constituted from an 
oxide material of p form conductivity which has a band gap exceeding the band gap of a luminous layer, 
and it is desirable. That is, if it depends on this invention, a p type barrier layer is constituted from group 
III nitride semiconductor material, the complicatedness of the conventional technology which needs a tail 
end process after membrane formation can be avoided, and the light-emitting part of the pn junction 
hetero structure where the transparent electrode layer which makes **** and a barrier (clad) function 
serve a double purpose was provided can be constituted. A pn junction hetero light-emitting part is a 
hetero structure which pinches n form or the single luminous layer of p form by the barrier layer of both p 
form and n form, or is single or a pn junction type hetero light-emitting part which pinches multiple 
quantum well structure. For example, there is composition of the pn junction type light-emitting part which 
consists of an n form GaN barrier layer / the quantum well structure luminous layer / p form oxide barrier 
layer which consists of a Ga x In 1 _ x N (0<=X<=1) well layer and n form aluminum x Ga 1 _ x N (0<=X<=1) barrier 

layer n forms. It is contained in a 1st embodiment even if it is any of a well layer or a barrier layer to be in 
the luminous layer of quantum well structure, and to make it join to n form and a p type barrier layer. 
[001 6]If a luminous layer is constituted from a group III nitride semiconductor of the polyphase structure 
which is different in indium concentration, luminescence of high intensity will be brought about, and if 
especially a group III nitride semiconductor is set to Ga x In-|_ x N (0<=X<=1), a more suitable luminous layer 

can consist of a 2nd embodiment of this invention. 

[0017]The matrix phase (matrix-phase) which specifically [ polyphase structure ] occupies most luminous 
layers in volume, Although volume occupied from a matrix phase is made small, it is an internal crystalline- 
structure structure which comprises a subordinate phase (sub-phase) which makes indium composition 
(concentration) larger than a matrix phase (refer to JP,10-56202,A specification). A subordinate phase 
usually exists as a micro crystallite object which are scattered in a matrix phase. In order to be for 
example, an approximate sphere form about shape and to make the diameter uniform, It can attain with 
regulation of the heating rate in the temperature up or temperature fall, and cooling cycle which the 
luminous layer concerned wears after the end of membrane formation of a Ga x In 1 _ x N (0<=X<=1) luminous 

layer, or a cooling rate (refer to above British patent GB2316226B). If it has composition which combined 
the oxide layer of p form conductivity with the luminous layer which has such internal crystalline-structure 
composition, there is an advantage which the light-emitting part of the pn junction type hetero structure 
of bringing about luminescence of high intensity can constitute simple. 

[0018]In a 3rd embodiment of this invention, when constituted from material of the band gap exceeding the 
band gap which ****s p form oxide layer in the luminous wavelength from a luminous layer regardless of 
the internal crystalline structure of a luminous layer, p form oxide layer which serves also as the 
transmission layer (window (window) layer) of luminescence to the exterior can be constituted, and it is 
convenience. If it is preferably made higher [ about 0.1 - 0.3 electron volt (unit: eV) of abbreviation ] than 
the band gap (band-gap) of a luminous layer, also when penetrating luminescence, and also when p form 
oxide layer demonstrates a barrier operation, it becomes convenient, p form oxide which demonstrates the 
transmissivity of not less than 40% can be used especially suitably to obtain high-intensity LED especially 
about luminescence which makes it the wavelength emitted from an indium content group III nitride 
semiconductor luminous layer, and is in the range of 400 nm - 600 nm so that it may describe in a 4th 
embodiment. As transmissivity is high, it is more convenient for obtaining high-intensity LED. The 
extraction efficiency of luminescence to the exterior gets worse rapidly with transmissivity being less than 
40%. 

[001 9]It is in Ga x In 1 _ x N (0<=X<=1), and a band gap will become small if an indium composition ratio 



becomes large (refer to above-mentioned JP,55-3834,B). Therefore, for example, it is in the luminous layer 
which consists of Ga x In 1 _ x N (0<=X<=1) of polyphase structure, The band gap of Ga xl In 1 _ xl N (0<X1<=1) 

which constitutes a subordinate phase is smallness from it of G a x2^ n l-X2' S ' (0< = X2<X1<1) which makes a 
matrix phase. The oxide material which makes a band gap larger than it on the basis of a subordinate 
phase was chosen, and it does not necessarily exceed the band gap of a matrix phase. Since "falling" with 
potential conducting zone or valence band will occur in the joining interface of a polyphase structure 
luminous layer and p form oxide layer if p form oxide layer of the band gap which is less than a matrix 
phase by making a band gap large rather than a subordinate phase is joined, The cladding (cladding) 
operation exerted on a career (carrier) becomes weak, and it becomes less enough "a career shut up" up 
in a luminous layer. Therefore, it becomes inconvenient obtaining luminescence of high intensity. 
Therefore, at a 5th embodiment, p form oxide layer at the time of using the luminous layer of the 
polyphase structure which consists of an ingredient which is different in a band gap consists of oxide 
materials which make a band gap larger than it on the basis of the band gap of a matrix phase. 
[0020] However, if the potential barrier of p form oxide layer and a luminous layer is superfluously 
expensive, although the effect "which luminescence shuts up" will be demonstrated, circulation of a 
career (carrier) is checked, and if spread, the inconvenience which raises Vf or Vth to ** arises. 
Therefore, at a 6th embodiment, the difference of the band gap of p form oxide layer and the band gap of 
the matrix phase of a luminous layer shall consist of materials which carry out 1.0 eV the following. 
[0021 ]If the oxide crystal which contains copper (Cu) as a composing element is generally compared with 
other oxide crystals, the oxide which gives low (small) resistance will be obtained so that it may describe 
in a 7th embodiment. Therefore, p form oxide crystal layer which uses copper as a composing element can 
be used with sufficient convenience by constituting the pn junction light-emitting part of the embodiment 
of this invention. Cu 2 0, and the aluminum oxide and copper (CuAI0 2 ) of the above [ oxide crystal ] which 

use copper as a composing element, There are delafossite (delafossite) crystal forms (CuM0 2 :M is a 

trivalent metal ion), such as strontium oxide and copper (CuSr0 2 ), gallium oxide, copper (CuGaO 2 ). 

[0022]Especially CuAI0 2 by the general sputtering (sputtering) method or the laser abrasion (laser 

ablation) method. Resistivity is used and the low resistance p type crystal layer of 1 ohm-cm can form 
membranes simple (refer to "Nature", Vol.389, No.6654 (1997), 939 - 942 pages). Therefore, from CuAI0 2 , 

the advantage from which p form oxide layer which is sufficient for constituting p form electrode layer at 
****** is obtained is about the complicated post process for low-resistance-izing separately after 
membrane formation. CuAI0 2 is a transparent conductive crystal which sets a band gap to about 3.5 eV at 

a room temperature (above "Nature", VoL389 reference). Therefore, sufficient luminescence transmission 
layer (window layer) to penetrate luminescence of a near-ultraviolet zone to the green zone emitted from 
a Ga x In 1 _ x N (0<=X<=1) luminous layer can consist of CuAI0 2 . The difference in a band gap with GaN 

which sets a band gap to about 3.4 eV is set to about 0.1 eV. Therefore, the oxide layer joinable with the 
moderate barrier height which is transparent and has the conductivity of p form comprises CuAI0 2 , for 

example to the Ga x In 1 _ x N (0<=X<=1) luminous layer of the polyphase structure made into a matrix phase 

in GaN. According to this, therefore an 8th embodiment, it makes it suitable to constitute p form oxide 
layer from CuAI0 2 - 

[0023]According to a 9th embodiment, the thickness of CuAI0 2 is preferably set as not less than 5 nm. It 

is because it does not come to cover the whole surface of the surface of a luminous layer with less than 5 
nm uniformly. It is in this invention used as an electron hole feed layer by making CuAI0 2 of p form into a 

p type barrier layer, and an electron hole cannot fully be supplied to a luminous layer as thickness is 
smallness. On the other hand, if it is the thickness over 500 nm, unevenness of the surface of a p form 
CuAI0 2 layer will become remarkable, and the extraction efficiency to the exterior of luminescence will fall 

notably for the scattered reflection in the surface of a same layer. Therefore, the thickness of a p form 
CuAI0 2 layer is restricted to 500 nm at the maximum. When depending on sputtering process or a laser 

ablation method and forming a p form CuAI0 2 layer, the thickness of a same layer can be controlled with 

adjusting membrane formation time. 

[0024]Cu which constitutes CuAI0 2 is an easily diffusive element, and the case where it spreads and 
invades in the luminous layer which consists of group HI nitride semiconductors is possible. Copper serves 



as a luminescence center (color center) with group III nitride semiconductors, such as GaN (J. refer to 
Appl.Phys., Vol.47, No.12 (1976), and 5387-5390 pages). Therefore, luminescence which is excellent in 
monochromaticity consists is hard to be obtained of a group III nitride semiconductor luminous layer which 
copper mixed. This invention constitutes a p form CuAI0 2 crystal layer from a polycrystalline layer so that 

it may describe in a 9th embodiment. If it is considered as the polycrystalline substance, many grain 
boundaries can be made inherent in it. If many grain boundaries are made to exist, a lot of copper is 
caught by the grain boundary, and the diffusion to a luminous layer can be controlled so much. For 
example, in order to form the p form CuAI0 2 crystal layer of polycrystal by the argon (Ar) SUPARRINGU 

method, generally making forming temperature into the range of about 500 ** from a room temperature is 
recommended. It can be checked with the analyzing method, an electron diffraction method, etc. whether 
there is any formed p form CuAI0 2 crystal layer with polycrystal. _ - _. 

[0025]In order to deter more effectively diffusion into the group III nitride semiconductor luminous layer of 
the composing element of p form oxide layer, or a dross inclusion, and invasion, as shown in a 10th 
embodiment, it becomes effective in the middle of a luminous layer and p form oxide layer to arrange the 
group III nitride semiconductor layer containing aluminum. Since aluminum is easy-oxidizability, the group 
III nitride semiconductor layer containing aluminum captures the oxygen which is isolated from the upper 
oxide layer, and spreads and invades into a luminous layer, and becomes effective also in controlling that a 
luminous layer oxidizes. The group III nitride semiconductor which contains aluminum as a composing 
element has an effect which a band gap is generally size, therefore can be taken out from the matrix 
phase which constitutes an indium content group III nitride semiconductor luminous layer to the exterior 
without absorbing most luminescence from a luminous layer. 

[0026]aluminum content group III nitride semiconductor layer provided on a luminous layer becomes useful 
also as a protective layer which protects a luminous layer from the damage at the time of making p form 
oxide layer laminate by sputtering process on it again. About, the thickness of aluminum content group III 
nitride semiconductor layer which becomes effective in reducing the concentration of Cu which invades 
into a luminous layer, or oxygen (O), and controlling damage to a luminous layer exceeds 1 nm, and the 
range of it is about 100 nm or less. Are in a group III nitride semiconductor light emitting element, and 
aluminum content group III nitride semiconductor layer, It is preferred that it is a low carrier concentration 
layer which sets thickness to 50 nm or less at not less than 2 nm so that it may depend on the tunnel 
(tunnel) effect efficiently and the electron hole (hole) supplied from p form oxide layer as an electron hole 
feed layer can be poured in to a luminous layer. 

[0027]The Al composition ratio of aluminum content group III nitride semiconductor layer has the effect of 
giving change to the wavelength of luminescence emitted from a luminous layer. For example, when the 
crystal layer which consists of gallium aluminum nitride (aluminum x Ga 1 _ x N:0<=X<=1) is made into the 

above-mentioned protective layer or a diffusion prevention layer, the wavelength of luminescence emitted 
from the luminous layer of the same specification turns into long wavelength from the increase in an 
aluminum composition ratio (=X). For example, a luminous wavelength when the same GaQgglnQ^N 

luminous layer of thickness is entitled the aluminum 0 85 Ga Q 15 N layer which sets thickness to about 20 nm, 

It is set to about 510 to about 530 nm when the aluminum 0 2oGa 0 80 N layer which sets thickness to about 

20 nm is made to laminate to being set to about 450 nm - about 460 nm. It is in the tendency for 
luminescence of long wavelength to be concluded, so that the thickness of a luminous layer is small, when 
an aluminum x Ga 1 _ x N (0<=X<=1) layer is incidentally entitled. This has suggested that a luminous 

wavelength is changed by the size of distortion which a luminous layer wears between an aluminum x Ga 1 _ 

X N layer and a Ga x In 1 _ x N luminous layer. However, when an aluminum composition ratio is too high, a band 

gap is good for becoming large and carrying out light transmission of the luminescence, but it may become 
a conduction resistor of element operating current. So, as for the aluminum composition ratio of an 
aluminum content group III nitride semiconductor, it is preferred to use that it is high with about 0.25 - 
about 0.30 range. 

[0028]The light emitting device concerning this invention makes p form pedestal electrode laminate on p 
form oxide layer in the 1-1 0th above-mentioned embodiments, and is constituted. Since p form oxide layer 
of this invention is a conductive layer which can diffuse element operating current horizontally, like 
conventional technology, it does not need to dare to provide the metal tunic which worsens permeability 
like Au-nickel or Au-NiO-Au in the surface of p form group III nitride semiconductor layer, and does not 



need to achieve current diffusion. When p form electrode layer is constituted from an oxide layer of p form 
conductivity, the pedestal electrode which is excellent in ohmic contact nature may be formed, p form 
pedestal electrode can consist of suitably publicly known nickel, NiO, an Au~Zn alloy, an Au-beryllium (Be) 
alloy, an In-Zn alloy, etc. On the other hand, the ohmic electrode of n form can consist of nickel, NiO, In, 
antimony (Sb), antimony oxide, an Au-germanium alloy, an Au-tin (Sn) alloy, and an In~Sn alloy, for 
example. In the case where conductive crystals, such as silicon (Si), SiC, or gallium phosphide (GaP), are 
used as a substrate, it can provide in the rear-face side of a substrate, and is convenience. 
[0029] 

[Example](Example 1) By this example, the case where the blue LED 10 is constituted from the laminated 
structure body 20 provided with transparent p form conductive oxide layer which serves both as a p type 
barrier layer, p form window layer, and p form electrode layer (contact layer) is made into an example, and 
this invention is explained in detail. Drawing 1 is a cross section of LED 10 concerning this example. 
[0030]The laminated structure body 20, Sb dope n type Si single crystal substrate 101 and sphalerite type 
cubic Lynn-ized boron (BP) are made into a subject. The n form buffer layer 102 which consists cubic BP 
formed at the elevated temperature from the 1st becoming buffer layer 102a and buffer layer 102a of n 
form of polycrystal of the 2nd buffer layer 102b of n form that becomes as a subject, the lower barrier 
layer 103 which consists of Si-dope n type GaN, and the matrix phase S are set to n form GaN, An 
average indium composition ratio. The gallium nitride indium mix crystal set to 0.1. (Ga 09 In 01 N) consisted 

of the transparence p type conductive layers 106 which consist of the n form luminous layer 104, the 
protective layer 105 which is undoped and consists of aluminum 08 Ga 02 N of n form, and CuAI0 2 of the 

polyphase structure made into the subordinate phase T. 

[0031]The 1st and 2nd buffer layers 102a and 102b made boron triethyl (C 2 H 5 ) ( 3 B) the source of boron 

(B), and formed membranes by the MOCVD method which makes phosphine (PH 3 ) the source of Lynn (P). 

The 1st buffer layer 102a of polycrystal formed membranes at 420 **, in the atmosphere containing 
phosphine, it carried out temperature up of the temperature of the substrate 101 to 1050 **, and the 2nd 
buffer layer 102b of the single crystal formed it, after ending membrane formation of the 1st buffer layer 
102a. Each class of the epitaxial composition layers 102-105, It was made to grow up by trimethylgallium 
(CH 3 ) ( 3 Ga) / trimethylaluminum (CH 3 ) ( 3 aluminum) / trimethylindium (CH 3 ) ( 3 In) / the ammonia (NH 3 ) 

system decompression MO-VPE method. As a source of doping of silicon, the disilane hydrogen mixed gas 
which contains a disilane (Si 2 H 6 ) by the concentration of about 10 volume ppm was used. The forming 

temperature of the luminous layer 104 of polyphase structure was 890 **, and the forming temperature of 
other group III nitride semiconductor growth phases 103 and 105 was 1050 **. To the forming temperature 
of the n form protective layer 105, temperature up was carried out at the speed of about 150 **/m in the 
ammonia air current after the end of membrane formation of the luminous layer 104. After finishing 
membrane formation of the n form protective layer 105, the temperature was lowered at the speed of 
about 50 **/m from 1050 ** to 950 **, and also was lowered at the speed of about 1 5 **/m to 800 **. 
The temperature fall to the temperature near the room temperature from 800 ** was based on natural air 
cooling. By the above temperature up and adoption of the temperature falling speed, equalization of the 
indium composition of the subordinate phase T which constitutes the luminous layer 104 of polyphase 
structure, outline shape, and a size was attained. 

[0032]The thickness (d) of the 1st buffer layer 102a could be about 20 nm. The thickness of the 2nd 
buffer layer 102b set to about 2 micrometers, and carrier concentration (n) was made into abbreviation 

2x10 18 cm~ 3 . The lower barrier layer 103 set to d= 0.5 micrometer, and was taken as n=3x10 18 cm" 3 The 
luminous layer 104 set to d= 0.1 micrometer, and was taken as carrier concentration (n) =1x10 17 cm~ 3 . 
After finishing membrane formation and cooling the n form epitaxial growth layers 102-105 which 
constitute the laminated structure body 20 to a room temperature, the laminated structure body 20 was 
taken out from the MOCVD growth oven. Next, the temperature of the substrate 101 was made to 
laminate the transparence p type oxide conductive layer 106 which consists of CuAI0 2 on the n form 

protective layer 105 as about 300 ** with general magnetron sputtering method. The pressure at the time 
of sputtering was about 0.1 torr (Torr), and the high frequency (RF) electric power which carries out a seal 
of approval was about 150 W (W). The thickness of the p form oxide conductive layer 106 could be about 
0.15 micrometer. The resistivity of the same layer 106 became about 2 ohm-cm at the room temperature. 
The transmissivity about blue belt light with a wavelength of 450 nm of the CuAI0 2 film (thickness = 0.15 



micrometer) which formed membranes on the glass substrate separately on the same conditions was 
about 68%. The band gap of GaN (band gap = 3.4 eV) which makes the matrix phase S which constitutes 
the luminous layer 104 of polyphase structure, and CuAI0 2 whose band gap is about 3.5 eV was set to 

about 0.1 eV. 

[0033]On the p form conductive oxide layer 106, in view of the ability of the same layer 106 to also make 
p form electrode layer serve a double purpose, the lower layer part 107a was used as titanium (Ti), and the 
pedestal electrode 107 which consists of layered structure which sets the upper levels 107b to aluminum 
was formed. The pedestal electrode 107 was made into the round shape which shall be about 140 
micrometers in diameter. The thickness of lower layer Ti film 107a could be about 150 nm. The thickness 
of upper Al film 107b could be about 1 micrometer. The n form ohmic electrode 108 which consists of an 
aluminum-Sb alloy was made to laminate all over the rear-face side of conductive Si substrate 101. The 
thickness of the n form ohmic electrode 108 could be about 1 micrometer. 

[0034]It divided into the chip shape which sets one side to about 350 micrometers, and made with 
individual LED 10. Between the p form electrode 107 and the n form ohmic electrode 108, when conduction 
of the current of 20 mA (mA) was carried out to the forward direction, it had almost uniform intensity from 
the approximately whole area of the field of the peripheral wall of the p form electrode 107, and blue glow 
was emitted. The luminous wavelength measured by the spectroscope was about 445 nm. The half breadth 
of an emission spectrum is about 28 nm, and luminescence which is excellent in monochromaticity was 
obtained. Forward voltage (@20mA) was averaged and became 3.2~volt (V). The luminescence intensity in 
the chip state reached about 22 microwatts (microwatt). 

[0035](Example 2) By this example, the case where the blue LED 30 is constituted from the laminated 
structure body 40 provided with transparent p form conductive oxide layer is made into an example, and 
this invention is explained in detail. Drawin g 2 is a cross section of LED30 concerning this example. 
[0036]The laminated structure body 30 sets to n form Ga 095 In 005 N ^ e s ''' con on sapphire (0001) 101, the 

GaN low temperature buffer layer 102, the n form barrier layer 103 that consists of Si-dope n type GaN, 
and the matrix phase S, The gallium nitride indium mix crystal (Ga 085 In 0 15 N) which sets an average indium 

composition ratio to 0.15 consisted of the n form luminous layer 104 of the polyphase structure made into 
the subordinate phase T, and the transparence p type conductive layer 106 which consists of CuAI0 2 . 

[0037]The buffer layer 102 of polycrystal formed membranes at 430 **. Ill fellows nitriding **** 
semiconductor layers 103,104 other than low temperature buffer layer 102 were grown up by 
trimethylgallium / trimethylaluminum / cyclopentadienyl indium (C 5 H 5 In) / the ammonia system ordinary 

pressure MO-VPE method. The forming temperature of the luminous layer 104 of polyphase structure was 
880 **, and the forming temperature of other group III nitride semiconductor growth phases 103 and 105 
was 1030 **. After the end of membrane formation of the luminous layer 104 was lowered to 800 ** at the 
speed of about 15 **/m in the ammonia air current. The temperature fall to the temperature near the 
room temperature from 800 ** was made to cool automatically. By this temperature fall operation, 
equalization of the indium composition of the subordinate phase T which constitutes the luminous layer 
104 of polyphase structure, outline shape, and a size was attained. As a source of doping of silicon, the 
disilane hydrogen mixed gas which contains a disilane by the concentration of about 10 volume ppm was 
used. 

[0038]The thickness (d) of the buffer layer 102 could be about 17 nm. The n form barrier layer 103 set to 

d= 0.5 micrometer, and was taken as carrier concentration (n) =3x10 18 cm" 3 The luminous layer 104 set 

to d= 0.1 micrometer, and was taken as carrier concentration (n) =1x10 17 cm~ 3 . After finishing membrane 
formation and cooling the n form epitaxial growth layers 103 and 104 which constitute the laminated 
structure body 20 to a room temperature, the laminated structure body 20 was taken out from the 
MOCVD growth oven. Next, the temperature of the substrate 101 was made to laminate the transparence 
p type oxide conductive layer 106 which consists of CuAI0 2 on the luminous layer 104 as about 300 ** 

with a general laser ablation method. The pressure at the time of covering was set to about 0.1 Torr(s). 
The thickness of the p form oxide conductive layer 106 could be about 0.25 micrometer. The resistivity of 
the same layer 106 became about 1 ohm-cm at the room temperature. The transmissivity about blue belt 
light with a wavelength of 450 nm of the CuAI0 2 film (thickness = 0.25 micrometer) which formed 

membranes on the glass substrate separately on the same conditions was about 62%. The band gap of 
Ga 095 In 005 N (band gap = 3.3 eV) which makes the matrix phase S which constitutes the luminous layer 



104 of polyphase structure, and CuAI0 2 whose band gap is about 3.5 eV was set to about 0.2 eV. 

[0039]On the p form conductive oxide layer 106, in view of the ability of the same layer 106 to also make 
p form electrode layer serve a double purpose, the lower layer part 107a was set to Ti, and the pedestal 
electrode 107 which consists of layered structure which sets the upper levels 107b to Au was formed. The 
pedestal electrode 107 set the long side to about 300 micrometers, and made it the rectangle which sets a 
shorter side to about 120 micrometers. The thickness of lower layer Ti film 107a could be about 150 nm. 
The thickness of upper Au membrane 107b could be about 0.8 micrometer. The n form ohmic electrode 
108 removes the conductive oxide layer 106 which serves as the p type barrier layer in the formation 
scheduled region, and the luminous layer 104 of polyphase structure by the plasma etching technique 
using Ar / methane (CH 4 ) / hydrogen (H 2 ) mixed gas, It formed in the layer part of the n form barrier layer 

103 made to expose. The n form ohmic electrode 108 was constituted from aluminum, and the thickness 
set it to about 0.8 micrometer. The plane shape of the n form ohmic electrode 108 set the long side to 
about 300 micrometers, and made it the rectangle which sets a shorter side to about 120 micrometers, n 
form and the p form electrodes 107 and 108 of each other [ the position which counters mutually ] were 
arranged to abbreviated parallel. 

[0040]Next, it divided into the chip shape which sets one side to about 350 micrometers, and made with 
individual LED30. Between the p form electrode 107 and the n form ohmic electrode 108, when conduction 
of the 20-mA current was carried out to the forward direction, it had almost uniform intensity from the 
approximately whole area of the field of the peripheral wall of the p form electrode 107, and blue-green 
light was emitted. The luminous wavelength measured by the spectroscope was about 478 nm. The half 
breadth of the emission spectrum was set to about 32 nm. Forward voltage (@20mA) was averaged and 
was set to 3.1V. The luminescence intensity in the chip state reached about 16 microwatts. 
[0041] 

[Effect of the Invention]Since it had composition which provides the transparent oxide layer which 
presents p form conductivity which makes a p type barrier layer, p form electrode layer, and p form 
window layer serve a double purpose on a luminous layer when depending on this invention, The light- 
emitting part of pn junction type heterojunction structure can be constituted from a group III nitride 
semiconductor like the former, without requiring the complicated process at the time of forming the p type 
layer of low resistance, and if the light-emitting part which consists of this composition is used, a high- 
intensity group III nitride semiconductor light emitting element can provide simple. 

[0042]When depending on this invention, since a transparence p type oxide layer is constituted on the 
basis of the band gap of the matrix phase which constitutes the luminous layer which consists of 
polyphase structures, forward voltage is low and the high-intensity group III nitride semiconductor light 
emitting element to which the emission area was expanded is provided. 
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TECHNICAL FIELD 



[Field of the Invention]It is related with the group III nitride semiconductor light emitting element provided 
with the light-emitting part of the pn junction type hetero structure which comprises p form conduction 
layers other than a group III nitride semiconductor. 
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PRIOR ART 



[Description of the Prior Art]The light emitting diode (LED) or laser diode (LD) which presents 
luminescence of the conventional blue belt or a green belt, The laminated structure body provided with the 
III group nitride semiconductor crystal layer which grew epitaxially on the sapphire (alpha-aluminum 2 0 3 

single crystal) board by the organic metal pyrolysis vapor-phase-epitaxy (MOCVD) method is chiefly 
constituted as a parent (for example). Refer to Jpn.J.Appl.Phys., Vol.34, Part2, No.10B (1995), L1332 - L 
1335 pages. Sapphire is substituted and there is also conventional technology which constitutes LD from a 
gallium nitride (GaN) system epitaxial structure which used silicon carbide (SiC) as the substrate (refer to 
"applied physics", volume [ 68th ] No. 7 (1999), 797 - 800 pages), a silicon (Si) single crystal is used as a 
substrate, and the example which constitutes blue LED from a laminated structure body containing the 
alumimium nitride (AIN) which formed membranes by the molecular beam epitaxial (MBE) method is also 
known (Electron.Lett., Vol.33, and No.23 (1997).) Refer to 1986-1987 pages. . With the group III nitride 
semiconductor as used in the field of here, nitrogen (N) is included as a V fellows composing element. 
General formula aluminum x Ga y In z N (0<=X<=1, 0<=Y<1, X+Y+Z=1), He is a group III— V semiconducter 

written by aluminum x Ga Y In z N 1 _ Q MQ (0<=X<1, 0<=Y<1, X+Y+Z=1, and the sign M are the Vth group element 

other than nitrogen, and are 0<=Q<1). 

[0003]In group III nitride semiconductor light emitting elements, such as LED or LD, gallium nitride indium 
(Ga x In 1-x N:0<=X<=1), Although it has a band gap suitable for emitting short wavelength visible light 

therefore, it is utilized as a luminous layer of a group III nitride semiconductor light emitting element (refer 
to JP,55-3834,B). The light-emitting part of these light emitting devices is the purpose of gaining the short 
wavelength visible light of high intensity, and it is common to comprise a pn junction type double hetero 
(DH) structure (for example, above-mentioned Jpn.J.Appl.Phys. and Vol.34 (1995) reference). A luminous 
layer is constituted from Ga x In 1 _ x N (0<=X<=1) which consists of polyphase (multi-phase) structure which 

consists of two or more phases (phase) which are different in indium composition (=1-X), The art of 
obtaining a high-intensity group III nitride semiconductor light emitting element is also indicated (refer to 
American patent US-No. 5,886,367). 

[0004]Being in conventional pn junction type DH structure, generally p form or n form barrier layer which 
pinches a luminous layer comprises group III nitride semiconductors, such as p form or gallium aluminum 
nitride (aluminurr^Ga^ N:0<=X<=1) of n form. In order that GaN system material may present conduction 

of n form in the state of what is called undoped (undope) that does not add an impurity intentionally (refer 
to JP.53-20882.A specification), it is the common knowledge which the aluminunr^Ga^N layer of n form 

tends to form. On the other hand, the aluminunr^Ga^N layer of p form is chiefly formed with a means to 

dope magnesium (Mg) as p type impurities. However, Mg is electrically inactivated by the hydrogen which 
invades in a growth phase at the time of the membrane formation (refer to the patent No. 2872096 
gazette). For this reason, it is also publicly known not to be obtained by stabilizing the p form 
aluminum x Ga 1 _ x N layer of low resistance in the state of as-grown (refer to JP, 61 -7671, A specification). 

[0005]In order to obtain the p form aluminum x Ga 1 _ x N layer of the low resistance needed for constituting 

pn junction type DH structure, in the former. A means to heat-treat 400 ** at the above temperature 
after membrane formation is adopted to the as-grown growth phase by which the p type impurities which 
once formed membranes were doped (refer to patent No. 2540791). Or a means to irradiate with an 
electron beam under vacuum environment for the aluminum x Ga 1 _ x N growth phase by which the p type 



impurities of an as-grown state were added, and to activate p type impurities electrically is taken (refer to 
patent No. 2500319). 

[0006]In the former, the composition which takes out luminescence from the surface side of a p form III 
fellows compound semiconductor growth phase outside is large number of people. That is, for example, it 
has been arranged in the upper part of a luminous layer, it has composition which takes out luminescence 
from the p form aluminum x Ga 1 _ x As (0<=X<=1) barrier layer side outside. For this reason, if it is in GaN 

system LED of a conventional type, in order that the electrode provided above a top barrier layer may 
raise the extraction efficiency of luminescence to the exterior, it mainly comprises material of 
transparence or translucency. For example, the composition which provides the electrode which consists 
of layered structure of gold (Au) and nickel (nickel) on the transparent electrode which consists of indium 
oxide and tin (abbreviation: ITO), and its transparent electrode is indicated via the GaN system 
semiconductor layer which added p type impurities (refer to patent No. 2661009). It is known that the 
electrode which consists of composition which inserted nickel oxide (NiO) between Au and nickel is 
translucency (refer to patent No. 2916424). The contact (contact) layer which consists of p form GaN is 
made to intervene, and the art which arranges the zinc oxide (ZnO) layer by which aluminum (aluminum) 
was added as an ohmic contact layer of an Au electrode is indicated (refer to American patent US No. 
5,889,295). 
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EFFECT OF THE INVENTION 



[Effect of the Invention]Since it had composition which provides the transparent oxide layer which 
presents p form conductivity which makes a p type barrier layer, p form electrode layer, and p form 
window layer serve a double purpose on a luminous layer when depending on this invention, The light- 
emitting part of pn junction type heterojunction structure can be constituted from a group III nitride 
semiconductor like the former, without requiring the complicated process at the time of forming the p type 
layer of low resistance, and if the light-emitting part which consists of this composition is used, a high- 
intensity group III nitride semiconductor light emitting element can provide simple. 
[0042]When depending on this invention, since a transparence p type oxide layer is constituted on the 
basis of the band gap of the matrix phase which constitutes the luminous layer which consists of 
polyphase structures, forward voltage is low and the high-intensity group III nitride semiconductor light 
emitting element to which the emission area was expanded is provided. 
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TECHNICAL PROBLEM 



[Problem(s) to be Solved by the Invention] Like the above, a means to constitute a pn junction type light- 
emitting part using the group III nitride semiconductor growth phase formed by the epitaxial grown method 
is complicated. Requiring the special processing for activating p type impurities electrically after the 
epitaxial growth for obtaining p form group III nitride semiconductor layer of low resistance especially is 
also increase of the complicated nature of a process, and a cause to which the productive efficiency of a 
group III nitride semiconductor light emitting element is reduced remarkably. The problem in this 
conventional technology is thought out with that by which solution is achieved by a means to, constitute 
an electron hole (hole) feed layer from material of the low resistance different from the III group nitride 
semiconductor crystal layer of p form which can have and form a simple means for example. 
[0008]In the conventional composition which provides directly the transparent electrode which consists of 
transparent oxides on the group III nitride semiconductor layer by which p type impurities were doped, 
there is inconvenience by which good ohmic (Ohmic) contact nature is not revealed by being stabilized by 
the transparent oxide material and the group III nitride semiconductor layer which constitute an electrode. 
This originates also in the difference in the band gap of the III group nitride semiconductor crystal layer 
and transparent oxide electrode which constitute a light emitting device having become large extremely. 
For this reason, if it is in LED and is in forward voltage (what is called Vf) and LD, the problem that 
threshold voltage (what is called Vth) cannot be reduced effectively is produced. 

[0009]The example of the measure which improves the ohmic contact nature of a transparent conductive 
oxide layer and an LED composition layer, It can grasp to the conventional technology about aluminium 
phosphide gallium indium (aluminum x Ga 1 x ) (yln^y P:0<=X<=1, 0< Y<=1) LED. For example, after inserting 

gallium arsenide (GaAs), **-ized gallium phosphide (GaAsP), etc. as a contact layer which expects 
improvement in ohmic contact nature, the transparent oxide layer is made to stratify in the invention 
indicated to JP,1 1 -1 7220A In the invention indicated to JP,1 1-4020.A, AIGalnP system LED which 
consists of composition which arranges uniformly a zinc (Zn) film or an Au-Zn alloy film all over p form 
compound semiconductor layers directly under a transparent oxide layer, such as ITO and ZnO, is 
indicated. 

[0010]However, if the above-mentioned conventional technology concerning AIGalnP system LED which 
emits luminescence of a red lamp color or a yellow zone is simply diverted more to the blue of short 
wavelength, or the group III nitride semiconductor light emitting element of a green zone, the 
inconvenience to which the transmission efficiency of luminescence to the exterior is reduced will be 
produced. In the above-mentioned metal membrane, still more, a contact layer is constituted, for example, 
also by GaAs, since it is small compared with the band gap to which a band gap ****s in blue glow or 
green light, luminescence will be absorbed. Namely, a means to arrange a metal membrane in order to 
make good ohmic contact nature with a transparent oxide layer, A conventional means to arrange the 
electrode formation (contact) layer which consists of a semiconductor material made smaller than the 
band gap converted from the wavelength of luminescence which should be penetrated cannot fully be 
applied to a high-intensity group III nitride semiconductor light emitting element. 

[001 1]Sufficient performance to penetrate luminescence of the short wavelength emitted from a Ga x Inj_ 

X N (0<=X<=1) luminous layer is had and combined, and, in the case of group III nitride semiconductor 

material, it is a different transparent material of p form of low resistance, If the light-emitting part of pn 
junction type heterojunction structure is constituted, a high-intensity group III nitride semiconductor light 
emitting element can be provided. If it is the material which manifests itself good ohmic contact nature 
with the group III nitride semiconductor composition layer which constitutes a group III nitride 



semiconductor light emitting element, it will become still more convenient gaining a high-intensity group III 
nitride semiconductor light emitting element. The composition in which such a demand is satisfied has not 
come [ however, ] to be indicated in the actual condition. Especially about the luminous layer which 
consists of Ga x In t _ x N (0<=X<=1) of polyphase structure by which bringing about luminescence of high 

intensity is known, (Refer to British patent GB2316226B), The requirements for revealing the transparent 
conductive material of p form which is excellent in the permeability of luminescence, and the good ohmic 
contact characteristic are strange. 

[0012]this invention having conquered the technical problem which the above-mentioned conventional 
technology holds, having been made for the purpose of being stabilized and providing a high-intensity 
group III nitride semiconductor light emitting element simple, and, Since the light-emitting part of a pn 
junction type hetero structure is especially constituted using the conduction layer of p form which can be 
formed easily, indispensable requirements are shown on the basis of the band gap of a luminous layer. 
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MEANS 

[Means for Solving the Problem]An artificer reached this invention, as a result of carrying out efforts 
examination wholeheartedly that the above-mentioned technical problem should be solved. Namely, a 
barrier layer which this invention becomes from a group III nitride semiconductor of n form as [1] light- 
emitting part, A group III nitride semiconductor light emitting element containing a luminous layer which 
consists of an indium content group III nitride semiconductor, and a p type layer which consists of oxides, 
[2] A group III nitride semiconductor light emitting element given in [1], wherein a luminous layer comprises 
a group III nitride semiconductor (multilayer-structure luminous layer) of two or more phases which are 
different in indium concentration, [3] [1], wherein a band gap of a p type layer which consists of oxides is 
larger than a band gap corresponding to a luminous wavelength emitted from a luminous layer, or a group 
III nitride semiconductor light emitting element given in [2], [4] A p type layer which consists of oxides 
receives luminescence with a wavelength of 400 nm - 600 nm, A group III nitride semiconductor light 
emitting element given in any 1 paragraph of [1] - [3] having the transmissivity of not less than 40%, [5] A 
band gap of a p type layer which consists of a group III nitride semiconductor light emitting element given 
in any 1 paragraph of - [4] and [2] [6] oxide, wherein a band gap of a p type layer which consists of oxides 
is more than a band gap of a matrix phase which constitutes a multilayer-structure luminous layer, A 
group III nitride semiconductor light emitting element given in [5], wherein a difference with a band gap of a 
matrix phase which constitutes a multilayer-structure luminous layer is 1.0 eV or less, [7] A group III 
nitride semiconductor light emitting element given in any 1 paragraph of [1] - [6], wherein a p type layer 
which consists of oxides comprises an oxide containing copper, [8] A group III nitride semiconductor light 
emitting element given in [7], wherein a p type layer which consists of oxides is CuAI0 2 , [9] A group III 

nitride semiconductor light emitting element given in [8], wherein thickness of a p type layer which 
consists of oxides is 5 nm - 500 nm, [10] CuAI0 2 between a p type layer and a luminous layer which are 

set to [8] being the polycrystalline substance or [9] from a group III nitride semiconductor light emitting 
element of a statement, and [1 1] oxides, It is related with any 1 paragraph of [1] - [10], wherein it has a 
group III nitride semiconductor layer written by aluminum x Ga y In z N (0< X<=1, 0<=Y<1, X+Y+Z=1), without a 

group III nitride semiconductor light emitting element of a statement. 
[0014] 

[Embodiment of the Invention]The feature in a 1st embodiment of this invention is not from p form group 
III nitride semiconductor material about the p type layer which constitutes the light-emitting part of pn 
junction type heterojunction structure, and there is in constituting from an oxide material which presents 
the conductivity of p form, as an oxide material — copper oxide (Cu 2 0), and lanthanum trioxide strontium 

and copper (La 2 _ x Sr x Cu0 4 :X=1 or 2) (Mat.Res.Soc.Symp.Proc. and Vol.156 (1989).) It can constitute from 

perovskite crystals, such as refer to the 183-188 page. Lanthanum trioxide calcium rhodium (La^ 

x Ca x Rh0 3 ), Superconductivity oxide materials ("physical-properties science selected-books .), such as 

lanthanum trioxide strontium rhodium (La 1-x Sr x Rh0 3 ) and lanthanum trioxide barium rhodium (La^ 

x Ba x Rh0 3 ) It can constitute also from an electroconductive oxide (revised edition)" (Shokabo Publishing 

Co., Ltd., August 10, 1997 issue, the 6th edition of revision), and refer to the 29 page. 

[0015]The band gap corresponding to the wavelength of luminescence emitted from the luminous layer 

which consists of an n form or Ga^n^N (0<=X<=1) of p form is exceeded, And the transparence p type 

electrode layer which makes the barrier layer of p form serve a double purpose can be constituted from an 
oxide material of p form conductivity which has a band gap exceeding the band gap of a luminous layer, 



and it is desirable. That is, if it depends on this invention, a p type barrier layer is constituted from group 
III nitride semiconductor material, the complicatedness of the conventional technology which needs a tail 
end process after membrane formation can be avoided, and the light-emitting part of the pn junction 
hetero structure where the transparent electrode layer which makes **** and a barrier (clad) function 
serve a double purpose was provided can be constituted. A pn junction hetero light-emitting part is a 
hetero structure which pinches n form or the single luminous layer of p form by the barrier layer of both p 
form and n form, or is single or a pn junction type hetero light-emitting part which pinches multiple 
quantum well structure. For example, there is composition of the pn junction type light-emitting part which 
consists of an n form GaN barrier layer / the quantum well structure luminous layer / p form oxide barrier 
layer which consists of a Ga x In 1 _ x N (0<=X<=1) well layer and n form aluminum x Ga 1 _ x N (0<=X<=1) barrier 

layer n forms. It is contained in a 1 st embodiment even if it is any of a well layer or a barrier layer to be in 
the luminous layer of quantum well structure, and to make it join to n form and a p type barrier layer. 
[0016]If a luminous layer is constituted from a group III nitride semiconductor of the polyphase structure 
which is different in indium concentration, luminescence of high intensity will be brought about, and if 
especially a group III nitride semiconductor is set to Ga x In t _ x N (0<=X<=1), a more suitable luminous layer 

can consist of a 2nd embodiment of this invention. 

[0017]The matrix phase (matrix-phase) which specifically [ polyphase structure ] occupies most luminous 
layers in volume, Although volume occupied from a matrix phase is made small, it is an internal crystalline- 
structure structure which comprises a subordinate phase (sub-phase) which makes indium composition 
(concentration) larger than a matrix phase (refer to JP,10-56202,A specification). A subordinate phase 
usually exists as a micro crystallite object which are scattered in a matrix phase. In order to be for 
example, an approximate sphere form about shape and to make the diameter uniform, It can attain with 
regulation of the heating rate in the temperature up or temperature fall, and cooling cycle which the 
luminous layer concerned wears after the end of membrane formation of a Ga x In 1 _ x N (0<=X<=1) luminous 

layer, or a cooling rate (refer to above British patent GB2316226B). If it has composition which combined 
the oxide layer of p form conductivity with the luminous layer which has such internal crystalline-structure 
composition, there is an advantage which the light-emitting part of the pn junction type hetero structure 
of bringing about luminescence of high intensity can constitute simple. 

[0018]In a 3rd embodiment of this invention, when constituted from material of the band gap exceeding the 
band gap which ****s p form oxide layer in the luminous wavelength from a luminous layer regardless of 
the internal crystalline structure of a luminous layer, p form oxide layer which serves also as the 
transmission layer (window (window) layer) of luminescence to the exterior can be constituted, and it is 
convenience. If it is preferably made higher [ about 0.1 - 0.3 electron volt (unit: eV) of abbreviation ] than 
the band gap (band-gap) of a luminous layer, also when penetrating luminescence, and also when p form 
oxide layer demonstrates a barrier operation, it becomes convenient, p form oxide which demonstrates the 
transmissivity of not less than 40% can be used especially suitably to obtain high-intensity LED especially 
about luminescence which makes it the wavelength emitted from an indium content group III nitride 
semiconductor luminous layer, and is in the range of 400 nm - 600 nm so that it may describe in a 4th 
embodiment. As transmissivity is high, it is more convenient for obtaining high-intensity LED. The 
extraction efficiency of luminescence to the exterior gets worse rapidly with transmissivity being less than 
40%. 

[0019]It is in Ga x In 1 _ x N (0<=X<=1), and a band gap will become small if an indium composition ratio 

becomes large (refer to above-mentioned JP,55-3834,B). Therefore, for example, it is in the luminous layer 
which consists of Ga x In 1-x N (0<=X<=1) of polyphase structure, The band gap of Ga xl In 1 _ xl N (0<X1<=1) 

which constitutes a subordinate phase is smallness from it of G» a x2' n t-X2^ (0< = X2<X1<1) which makes a 
matrix phase. The oxide material which makes a band gap larger than it on the basis of a subordinate 
phase was chosen, and it does not necessarily exceed the band gap of a matrix phase. Since "falling" with 
potential conducting zone or valence band will occur in the joining interface of a polyphase structure 
luminous layer and p form oxide layer if p form oxide layer of the band gap which is less than a matrix 
phase by making a band gap large rather than a subordinate phase is joined, The cladding (cladding) 
operation exerted on a career (carrier) becomes weak, and it becomes less enough "a career shut up" up 
in a luminous layer. Therefore, it becomes inconvenient obtaining luminescence of high intensity. 
Therefore, at a 5th embodiment, p form oxide layer at the time of using the luminous layer of the 
polyphase structure which consists of an ingredient which is different in a band gap consists of oxide 



materials which make a band gap larger than it on the basis of the band gap of a matrix phase. 
[0020] However, if the potential barrier of p form oxide layer and a luminous layer is superfluously 
expensive, although the effect "which luminescence shuts up" will be demonstrated, circulation of a 
career (carrier) is checked, and if spread, the inconvenience which raises Vf or Vth to ** arises. 
Therefore, at a 6th embodiment, the difference of the band gap of p form oxide layer and the band gap of 
the matrix phase of a luminous layer shall consist of materials which carry out 1 .0 eV the following. 
[0021]If the oxide crystal which contains copper (Cu) as a composing element is generally compared with 
other oxide crystals, the oxide which gives low (small) resistance will be obtained so that it may describe 
in a 7th embodiment. Therefore, p form oxide crystal layer which uses copper as a composing element can 
be used with sufficient convenience by constituting the pn junction light-emitting part of the embodiment 
of this invention. Cu 2 0, and the aluminum oxide and copper (CuAI0 2 ) of the above [ oxide crystal ] which 

use copper as a composing element, There are delafossite (delafossite) crystal forms (CuM0 2 :M is a 

trivalent metal ion), such as strontium oxide and copper (CuSr0 2 ), gallium oxide, copper (CuGaO 2 ). 

[0022]Especially CuAI0 2 by the general sputtering (sputtering) method or the laser abrasion (laser 

ablation) method. Resistivity is used and the low resistance p type crystal layer of 1 ohm-cm can form 
membranes simple (refer to "Nature", Vol.389, No.6654 (1997), 939 - 942 pages). Therefore, from CuAI0 2 , 

the advantage from which p form oxide layer which is sufficient for constituting p form electrode layer at 
****** is obtained is about the complicated post process for low-resistance-izing separately after 
membrane formation. CuAI0 2 is a transparent conductive crystal which sets a band gap to about 3.5 eV at 

a room temperature (above "Nature", Vol.389 reference). Therefore, sufficient luminescence transmission 
layer (window layer) to penetrate luminescence of a near-ultraviolet zone to the green zone emitted from 
a Ga x Inj_ x N (0<=X<=1) luminous layer can consist of CuAI0 2 . The difference in a band gap with GaN 

which sets a band gap to about 3.4 eV is set to about 0.1 eV. Therefore, the oxide layer joinable with the 
moderate barrier height which is transparent and has the conductivity of p form comprises CuAI0 2 , for 

example to the Ga x In 1 _ x N (0<=X<=1) luminous layer of the polyphase structure made into a matrix phase 

in GaN. According to this, therefore an 8th embodiment, it makes it suitable to constitute p form oxide 
layer from CuAI0 2 . 

[0023]According to a 9th embodiment, the thickness of CuAI0 2 is preferably set as not less than 5 nm. It 

is because it does not come to cover the whole surface of the surface of a luminous layer with less than 5 
nm uniformly. It is in this invention used as an electron hole feed layer by making CuAI0 2 of p form into a 

p type barrier layer, and an electron hole cannot fully be supplied to a luminous layer as thickness is 
smallness. On the other hand, if it is the thickness over 500 nm, unevenness of the surface of a p form 
CuAI0 2 layer will become remarkable, and the extraction efficiency to the exterior of luminescence will fall 

notably for the scattered reflection in the surface of a same layer. Therefore, the thickness of a p form 
CuAI0 2 layer is restricted to 500 nm at the maximum. When depending on sputtering process or a laser 

ablation method and forming a p form CuAI0 2 layer, the thickness of a same layer can be controlled with 

adjusting membrane formation time. 

[0024]Cu which constitutes CuAI0 2 is an easily diffusive element, and the case where it spreads and 

invades in the luminous layer which consists of group III nitride semiconductors is possible. Copper serves 
as a luminescence center (color center) with group III nitride semiconductors, such as GaN (J. refer to 
Appl.Phys., Vol.47, No.12 (1976), and 5387-5390 pages). Therefore, luminescence which is excellent in 
monochromaticity consists is hard to be obtained of a group III nitride semiconductor luminous layer which 
copper mixed. This invention constitutes a p form CuAI0 2 crystal layer from a polycrystalline layer so that 

it may describe in a 9th embodiment. If it is considered as the polycrystalline substance, many grain 
boundaries can be made inherent in it. If many grain boundaries are made to exist, a lot of copper is 
caught by the grain boundary, and the diffusion to a luminous layer can be controlled so much. For 
example, in order to form the p form CuAI0 2 crystal layer of polycrystal by the argon (Ar) SUPARRINGU 

method, generally making forming temperature into the range of about 500 ** from a room temperature is 
recommended. It can be checked with the analyzing method, an electron diffraction method, etc. whether 
there is any formed p form CuAIQ 2 crystal layer with polycrystal. 



[0025]In order to deter more effectively diffusion into the group HI nitride semiconductor luminous layer of 
the composing element of p form oxide layer, or a dross inclusion, and invasion, as shown in a 10th 
embodiment, it becomes effective in the middle of a luminous layer and p form oxide layer to arrange the 
group III nitride semiconductor layer containing aluminum. Since aluminum is easy-oxidizability, the group 
III nitride semiconductor layer containing aluminum captures the oxygen which is isolated from the upper 
oxide layer, and spreads and invades into a luminous layer, and becomes effective also in controlling that a 
luminous layer oxidizes. The group III nitride semiconductor which contains aluminum as a composing 
element has an effect which a band gap is generally size, therefore can be taken out from the matrix 
phase which constitutes an indium content group III nitride semiconductor luminous layer to the exterior 
without absorbing most luminescence from a luminous layer. 

[0026]aluminum content group III nitride semiconductor layer provided on a luminous layer becomes useful 
also as a protective layer which protects a luminous layer from the damage at the time of making p form 
oxide layer laminate by sputtering process on it again. About, the thickness of aluminum content group III 
nitride semiconductor layer which becomes effective in reducing the concentration of Cu which invades 
into a luminous layer, or oxygen (O), and controlling damage to a luminous layer exceeds 1 nm, and the 
range of it is about 100 nm or less. Are in a group III nitride semiconductor light emitting element, and 
aluminum content group III nitride semiconductor layer, It is preferred that it is a low carrier concentration 
layer which sets thickness to 50 nm or less at not less than 2 nm so that it may depend on the tunnel 
(tunnel) effect efficiently and the electron hole (hole) supplied from p form oxide layer as an electron hole 
feed layer can be poured in to a luminous layer. 

[0027]The Al composition ratio of aluminum content group III nitride semiconductor layer has the effect of 
giving change to the wavelength of luminescence emitted from a luminous layer. For example, when the 
crystal layer which consists of gallium aluminum nitride (aluminum x Ga 1 _ x N:0<=X<=1) is made into the 

above-mentioned protective layer or a diffusion prevention layer, the wavelength of luminescence emitted 
from the luminous layer of the same specification turns into long wavelength from the increase in an 
aluminum composition ratio (=X). For example, a luminous wavelength when the same Ga 088 In 012 N 

luminous layer of thickness is entitled the aluminum 0 85 Ga 0 15 N layer which sets thickness to about 20 nm, 

It is set to about 510 to about 530 nm when the aluminum O 20Ga O8O N ' a V er which sets thickness to about 

20 nm is made to laminate to being set to about 450 nm - about 460 nm. It is in the tendency for 
luminescence of long wavelength to be concluded, so that the thickness of a luminous layer is small, when 
an aluminum x Ga 1 _ x N (0<=X<=1) layer is incidentally entitled. This has suggested that a luminous 

wavelength is changed by the size of distortion which a luminous layer wears between an aluminunr^Ga^ 

X N layer and a Ga x In 1 _ x N luminous layer. However, when an aluminum composition ratio is too high, a band 

gap is good for becoming large and carrying out light transmission of the luminescence, but it may become 
a conduction resistor of element operating current. So, as for the aluminum composition ratio of an 
aluminum content group III nitride semiconductor, it is preferred to use that it is high with about 0.25 - 
about 0.30 range. 

[0028]The light emitting device concerning this invention makes p form pedestal electrode laminate on p 
form oxide layer in the 1-1 0th above-mentioned embodiments, and is constituted. Since p form oxide layer 
of this invention is a conductive layer which can diffuse element operating current horizontally, like 
conventional technology, it does not need to dare to provide the metal tunic which worsens permeability 
like Au-nickel or Au-NiO-Au in the surface of p form group III nitride semiconductor layer, and does not 
need to achieve current diffusion. When p form electrode layer is constituted from an oxide layer of p form 
conductivity, the pedestal electrode which is excellent in ohmic contact nature may be formed, p form 
pedestal electrode can consist of suitably publicly known nickel, NiO, an Au-Zn alloy, an Au-beryllium (Be) 
alloy, an In-Zn alloy, etc. On the other hand, the ohmic electrode of n form can consist of nickel, NiO, In, 
antimony (Sb), antimony oxide, an Au-germanium alloy, an Au-tin (Sn) alloy, and an In-Sn alloy, for 
example. In the case where conductive crystals, such as silicon (Si), SiC, or gallium phosphide (GaP), are 
used as a substrate, it can provide in the rear-face side of a substrate, and is convenience. 
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EXAMPLE 



[ExampleKExample 1) By this example, the case where the blue LED 10 is constituted from the laminated 
structure body 20 provided with transparent p form conductive oxide layer which serves both as a p type 
barrier layer, p form window layer, and p form electrode layer (contact layer) is made into an example, and 
this invention is explained in detail. Dr awin g 1 is a cross section of LED 10 concerning this example. 
[0030]The laminated structure body 20, Sb dope n type Si single crystal substrate 101 and sphalerite type 
cubic Lynn-ized boron (BP) are made into a subject. The n form buffer layer 102 which consists cubic BP 
formed at the elevated temperature from the 1st becoming buffer layer 102a and buffer layer 102a of n 
form of polycrystal of the 2nd buffer layer 102b of n form that becomes as a subject, the lower barrier 
layer 103 which consists of Si-dope n type GaN, and the matrix phase S are set to n form GaN, An 
average indium composition ratio. The gallium nitride indium mix crystal set to 0.1. (Ga 09 In 01 N) consisted 

of the transparence p type conductive layers 106 which consist of the n form luminous layer 104, the 
protective layer 105 which is undoped and consists of aIuminum 0 gGa 02 N of n form, and CuAI0 2 of the 

polyphase structure made into the subordinate phase T. 

[0031]The 1st and 2nd buffer layers 102a and 102b made boron triethyl (C 2 H 5 ) ( 3 B) the source of boron 

(B), and formed membranes by the MOCVD method which makes phosphine (PH 3 ) the source of Lynn (P). 

The 1st buffer layer 102a of polycrystal formed membranes at 420 **, in the atmosphere containing 
phosphine, it carried out temperature up of the temperature of the substrate 101 to 1050 **, and the 2nd 
buffer layer 1 02b of the single crystal formed it, after ending membrane formation of the 1 st buffer layer 
102a. Each class of the epitaxial composition layers 102-105, It was made to grow up by trimethylgallium 
(CH 3 ) ( 3 Ga) / trimethylaluminum (CH 3 ) ( 3 aluminum) / trimethylindium (CH 3 ) ( 3 In) / the ammonia (NH 3 ) 

system decompression MO-VPE method. As a source of doping of silicon, the disilane hydrogen mixed gas 
which contains a disilane (Si 2 H 6 ) by the concentration of about 10 volume ppm was used. The forming 

temperature of the luminous layer 104 of polyphase structure was 890 **, and the forming temperature of .. 
other group III nitride semiconductor growth phases 103 and 105 was 1050 **. To the forming temperature 
of the n form protective layer 105, temperature up was carried out at the speed of about 150 **/m in the 
ammonia air current after the end of membrane formation of the luminous layer 104. After finishing 
membrane formation of the n form protective layer 105, the temperature was lowered at the speed of 
about 50 **/m from 1050 ** to 950 **, and also was lowered at the speed of about 15 **/m to 800 **. 
The temperature fall to the temperature near the room temperature from 800 ** was based on natural air 
cooling. By the above temperature up and adoption of the temperature falling speed, equalization of the 
indium composition of the subordinate phase T which constitutes the luminous layer 104 of polyphase 
structure, outline shape, and a size was attained. 

[0032]The thickness (d) of the 1st buffer layer 102a could be about 20 nm. The thickness of the 2nd 
buffer layer 102b set to about 2 micrometers, and carrier concentration (n) was made into abbreviation 

2x10 18 cm~ 3 . The lower barrier layer 103 set to d= 0.5 micrometer, and was taken as n=3x10 18 cm" 3 . The 

luminous layer 104 set to d= 0.1 micrometer, and was taken as carrier concentration (n) =1x10 17 cm~ 3 . 
After finishing membrane formation and cooling the n form epitaxial growth layers 102-105 which 
constitute the laminated structure body 20 to a room temperature, the laminated structure body 20 was 
taken out from the MOCVD growth oven. Next, the temperature of the substrate 101 was made to 
laminate the transparence p type oxide conductive layer 106 which consists of CuAI0 2 on the n form 

protective layer 105 as about 300 ** with general magnetron sputtering method. The pressure at the time 



of sputtering was about 0.1 torr (Torr), and the high frequency (RF) electric power which carries out a seal 
of approval was about 150 W (W). The thickness of the p form oxide conductive layer 106 could be about 
0.15 micrometer. The resistivity of the same layer 106 became about 2 ohm-cm at the room temperature. 
The transmissivity about blue belt light with a wavelength of 450 nm of the CuAI0 2 film (thickness = 0.15 

micrometer) which formed membranes on the glass substrate separately on the same conditions was 
about 68%. The band gap of GaN (band gap = 3.4 eV) which makes the matrix phase S which constitutes 
the luminous layer 104 of polyphase structure, and CuAI0 2 whose band gap is about 3.5 eV was set to 

about 0.1 eV. 

[0033]On the p form conductive oxide layer 106, in view of the ability of the same layer 106 to also make 
p form electrode layer serve a double purpose, the lower layer part 107a was used as titanium (Ti), and the 
pedestal electrode 107 which consists of layered structure which sets the upper levels 107b to aluminum 
was formed. The pedestal electrode 107 was made into the round shape which shall be about 140 
micrometers in diameter. The thickness of lower layer Ti film 107a could be about 150 nm. The thickness 
of upper Al film 107b could be about 1 micrometer. The n form ohmic electrode 108 which consists of an 
aluminum-Sb alloy was made to laminate all over the rear-face side of conductive Si substrate 101. The 
thickness of the n form ohmic electrode 108 could be about 1 micrometer. 

[0034]It divided into the chip shape which sets one side to about 350 micrometers, and made with 
individual LED 10. Between the p form electrode 107 and the n form ohmic electrode 108, when conduction 
of the current of 20 mA (mA) was carried out to the forward direction, it had almost uniform intensity from 
the approximately whole area of the field of the peripheral wall of the p form electrode 107, and blue glow 
was emitted. The luminous wavelength measured by the spectroscope was about 445 nm. The half breadth 
of an emission spectrum is about 28 nm, and luminescence which is excellent in monochromaticity was 
obtained. Forward voltage (@20mA) was averaged and became 3.2-volt (V). The luminescence intensity in 
the chip state reached about 22 microwatts (microwatt). 

[0035](Example 2) By this example, the case where the blue LED 30 is constituted from the laminated 
structure body 40 provided with transparent p form conductive oxide layer is made into an example, and 
this invention is explained in detail. Drawin g 2 is a cross section of LED30 concerning this example. 
[0036]The laminated structure body 30 sets to n form Ga Q 95^0 05^ t ' ie s ' licon on sapphire (0001) 101, the 
GaN low temperature buffer layer 102, the n form barrier layer 103 that consists of Si-dope n type GaN, 
and the matrix phase S, The gallium nitride indium mix crystal (Ga 085 In Q 15 N) which sets an average indium 

composition ratio to 0.15 consisted of the n form luminous layer 104 of the polyphase structure made into 
the subordinate phase T, and the transparence p type conductive layer 106 which consists of CuAI0 2 . 

[0037]The buffer layer 102 of polycrystal formed membranes at 430 **. Ill fellows nitriding **** 
semiconductor layers 103,104 other than low temperature buffer layer 102 were grown up by 
trimethylgallium / trimethylaluminum / cyclopentadienyl indium (C 5 H 5 In) / the ammonia system ordinary 

pressure MO-VPE method. The forming temperature of the luminous layer 104 of polyphase structure was 
880 **, and the forming temperature of other group III nitride semiconductor growth phases 103 and 105 
was 1030 **. After the end of membrane formation of the luminous layer 104 was lowered to 800 ** at the 
speed of about 15 **/m in the ammonia air current. The temperature fall to the temperature near the 
room temperature from 800 ** was made to cool automatically. By this temperature fall operation, 
equalization of the indium composition of the subordinate phase T which constitutes the luminous layer 
104 of polyphase structure, outline shape, and a size was attained. As a source of doping of silicon, the 
disilane hydrogen mixed gas which contains a disilane by the concentration of about 10 volume ppm was 
used. 

[0038]The thickness (d) of the buffer layer 102 could be about 17 nm. The n form barrier layer 103 set to 
d= 0.5 micrometer, and was taken as carrier concentration (n) =3x10 18 cm~ 3 . The luminous layer 104 set 
to d= 0.1 micrometer, and was taken as carrier concentration (n) =1x10 17 cm~ 3 . After finishing membrane 
formation and cooling the n form epitaxial growth layers 103 and 104 which constitute the laminated 
structure body 20 to a room temperature, the laminated structure body 20 was taken out from the 
MOCVD growth oven. Next, the temperature of the substrate 101 was made to laminate the transparence 
p type oxide conductive layer 106 which consists of CuAI0 2 on the luminous layer 104 as about 300 ** 

with a general laser ablation method. The pressure at the time of covering was set to about 0.1 Torr(s). 
The thickness of the p form oxide conductive layer 106 could be about 0.25 micrometer. The resistivity of 
the same layer 106 became about 1 ohm-cm at the room temperature. The transmissivity about blue belt 



light with a wavelength of 450 nm of the CuAI0 2 film (thickness = 0.25 micrometer) which formed 

membranes on the glass substrate separately on the same conditions was about 62%. The band gap of 
Ga Q95 In 005 N (band gap = 3.3 eV) which makes the matrix phase S which constitutes the luminous layer 

104 of polyphase structure, and CuAI0 2 whose band gap is about 3.5 eV was set to about 0.2 eV. 

[0039]On the p form conductive oxide layer 106, in view of the ability of the same layer 106 to also make 
p form electrode layer serve a double purpose, the lower layer part 107a was set to Ti, and the pedestal 
electrode 107 which consists of layered structure which sets the upper levels 107b to Au was formed. The 
pedestal electrode 107 set the long side to about 300 micrometers, and made it the rectangle which sets a 
shorter side to about 120 micrometers. The thickness of lower layer Ti film 107a could be about 150 nm. 
The thickness of upper Au membrane 107b could be about 0.8 micrometer. The n form ohmic electrode 
108 removes the conductive oxide layer 106 which serves as the p type barrier layer in the formation 
scheduled region, and the luminous layer 104 of polyphase structure by the plasma etching technique 
using Ar / methane (CH 4 ) / hydrogen (H 2 ) mixed gas, It formed in the layer part of the n form barrier layer 

103 made to expose. The n form ohmic electrode 108 was constituted from aluminum, and the thickness 
set it to about 0.8 micrometer. The plane shape of the n form ohmic electrode 108 set the long side to 
about 300 micrometers, and made it the rectangle which sets a shorter side to about 120 micrometers, n 
form and the p form electrodes 107 and 108 of each other [ the position which counters mutually ] were 
arranged to abbreviated parallel. 

[0040]Next, it divided into the chip shape which sets one side to about 350 micrometers, and made with 
individual LED30. Between the p form electrode 107 and the n form ohmic electrode 108, when conduction 
of the 20-mA current was carried out to the forward direction, it had almost uniform intensity from the 
approximately whole area of the field of the peripheral wall of the p form electrode 107, and blue-green 
light was emitted. The luminous wavelength measured by the spectroscope was about 478 nm. The half 
breadth of the emission spectrum was set to about 32 nm. Forward voltage (@20mA) was averaged and 
was set to 3.1V. The luminescence intensity in the chip state reached about 16 microwatts. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[ Drawin g 1]It is a cross section of LED given in Example 1. 
[ Drawin g 2]It is a cross section of LED given in Example 2. 
[Description of Notations] 
10 LED 

20 Laminated structure body 
30 LED 

40 Laminated structure body 

101 Monocrystal substrate 

1 02 Buffer layer 

102a The 1st buffer layer 
102b The 2nd buffer layer 

103 Lower barrier layer 

104 Luminous layer 

105 Protective layer 

106 Transparence p type conductive oxide film 

107 p form pedestal electrode 
107a Electrode lower layer part 
107b The upper levels of an electrode 

108 n form ohmic electrode 

S The matrix phase of a polyphase structure luminous layer 

T The subordinate phase of a polyphase structure luminous layer 
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[Drawing 1] 
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[Drawing 2] 
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[Amendment 1] 

[Document to be Amended]Specification 
[Item(s) to be Amended]Claim 
[Method of Amendment]Change 
[The contents of amendment] 
[Claim(s)] 
[Claim 1] 

A group III nitride semiconductor light emitting element comprising: 

A barrier layer which consists of a group III nitride semiconductor of n form as a light-emitting part. 
A luminous layer which consists of an indium content group III nitride semiconductor. 
A p type layer which consists of oxides. 

[Claim 2] 

The group III nitride semiconductor light emitting element according to claim 1, wherein a luminous layer 
comprises a group III nitride semiconductor (multilayer-structure luminous layer) of two or more phases 
which are different in indium concentration. 
[Claim 3] 

The group III nitride semiconductor light emitting element according to claim 1 or 2, wherein a band gap of 
a p type layer which consists of oxides is larger than a band gap corresponding to a luminous wavelength 
emitted from a luminous layer. 
[Claim 4] 

A group III nitride semiconductor light emitting element given in any 1 paragraph of claims 1-3, wherein a p 
type layer which consists of oxides has the transmissivity of not less than 40% to luminescence with a 



wavelength of 400 nm - 600 nm. 
[Claim 5] 

The group III nitride semiconductor light emitting element according to claim 2 , wherein a band gap of a p 
type layer which consists of oxides is more than a band gap of a matrix phase which constitutes a 
multilayer-structure luminous layer. 
[Claim 6] 

The group III nitride semiconductor light emitting element according to claim 5, wherein a difference 
between a band gap of a p type layer which consists of oxides, and a band gap of a matrix phase which 
constitutes a multilayer-structure luminous layer is 1.0 eV or less. 
[Claim 7] 

A group III nitride semiconductor light emitting element given in any 1 paragraph of claims 1-6, wherein a p 
type layer which consists of oxides comprises an oxide containing copper. 
[Claim 8] 

The group HI nitride semiconductor light emitting element according to claim 7, wherein a p type layer 
which consists of oxides is CuAI0 2 . 

[Claim 9] 

The group III nitride semiconductor light emitting element according to claim 8, wherein thickness of a p 
type layer which consists of oxides is 5 nm - 500 nm. 
[Claim 10] 

The group III nitride semiconductor light emitting element according to claim 8 or 9, wherein CuAI0 2 is the 

polycrystalline substance. 
[Claim 11] 

A group III nitride semiconductor light emitting element given in any A paragraph of claims 1-10, wherein it 
has a group III nitride semiconductor layer written by aluminum x Ga Y In z N (0< X<=1, 0<=Y<1, X+Y+Z=1) 

between a p type layer and a luminous layer which consist of oxides. 
[Claim 12] 

A barrier layer which consists of a group III nitride semiconductor of n form as a light-emittin g part. 
A luminous layer which consists of an indium content grou p III nitride semiconductor. 
An oxide. 

A p ty pe layer which is a manufacturin g method of a group III nitride semiconductor li g ht emittin g element 
provided with the above, and consists of oxides is formed with sputterin g process or a laser ablation 
method. 

[Claim 13] 

A manufacturin g method of the group III nitride semiconductor light emittin g element according to claim 

12, wherein a p t y pe layer which consists of oxides comprises an oxide containing co p per. 
[Claim 14] 

A manufacturin g method of the g roup III nitride semiconductor light emittin g element accordin g to claim 

13, wherein a p t y pe layer which consists of oxides is CuAIO g. 

[Claim 15] 

LED which becomes any 1 paragraph of claims 1-1 1 from a group III nitride semiconductor light emitting 
element of a statement. 
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